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ABSTRACT 
The following research describes the collection and evaluation of geochemical 
data from the Logsdon River, an open-flow conduit that drains a portion of the Turnhole 
Spring drainage basin within the Mammoth Cave karst aquifer of south-central Kentucky. 
This spatial survey of nearly 10 km of continuous base-level conduit included seasonal 
sampling of carbon dioxide partial pressures (Pco2)> dissolved ions, and saturation indices 
for calcite (SIcal). 
The highest PC 0 2 values are found at the upstream site, closest to the Sinkhole 
Plain recharge area, which creates undersaturated conditions. Rapid outgassing of C0 2 
into the cave atmosphere creates oversaturated conditions for several thousand meters. 
This change in chemistry results in the accumulation of rimstone in these areas. A boost 
in PC 0 2 roughly half-way through the flow path returns the water to slightly 
undersaturated conditions. The most likely source for additional C0 2 is in-cave organic 
decay, as the boost also occurs during winter, when microbial activity in the soil is at a 
minimum. 
2+ 2+ 
A general decline in Ca , Mg , and HC0 3 concentrations occurred over the 
distance through the Logsdon River conduit. This decline may reflect a diluting of water 
by localized inputs from the plateau and precipitation of travertine along the flow path. 
Although values for all parameters are greater in summer than winter, the trend in 
evolution is similar for both seasonal extremes. 
The nature of the transition from summer to winter conditions in the aquifer was 
investigated by way of an intensive study of the geochemistry at the Logsdon River 
monitoring well. The relationship between conductivity (spC) and pH was evaluated 
during both seasons in an attempt to predict the activity of hydrogen for any given water 
sample based on continuous spC measurements at the well. Data collected during the 
1997-98 seasonal transition supported a single, nonlinear regression equation that may 
represent two distinct seasonal regimes. 
XV 
Chapter 1 
REGIONAL BACKGROUND AND THESIS SUMMARY 
1.1 Introduction to Study Site 
Chemical processes in groundwater are often the controlling influences in 
landscape evolution, and nowhere is this more true than in karst landscapes (White, 1988; 
Ford and Williams, 1989). In karst terrains, there is a continuous interaction between 
carbonate bedrock and the groundwater that passes through it. It is the long-term action of 
chemically undersaturated groundwater on carbonate rocks that creates the large-scale 
solution features, such as sinkholes and caverns, that characterize a karst landscape. 
Over the past 30 years, many geochemical studies have been conducted on karst 
waters worldwide. One of the most intensely-studied aquifers is located in the south-
central Kentucky karst, a world-class example of a shallow, maturely karsted carbonate 
terrain. The Mammoth Cave area (Figure 1) has long been recognized as an outstanding 
example of an aquifer with extremely well-developed groundwater flow through open 
conduits (White, 1989). Within the Mammoth Cave karst aquifer, the overall scarcity of 
known base-level conduits prior to the 1980's limited spatial studies of the geochemical 
evolution to sinking streams, regional springs, and a few karst windows (Thrailkill, 1972; 
Hess, 1974; Quinlan and Rowe, 1978). Although data from these single locations 
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Figure 1. Location of Mammoth Cave National Park (MCNP), Kentucky. 
provided the framework for our current understanding of the overall geochemistry of the 
aquifer, the distances between locations left much of the transport details to be inferred. 
Likewise, the chemical data collected twice-monthly from discrete locations (Hess, 1974) 
do not provide the small-scale, fine chemograph structures revealed by continuous 
monitoring of geochemical conditions (Hess and White, 1988; Ryan and Meiman, 1996; 
Groves and Meiman, 1996a). 
Over the past four decades, continuous exploration and survey by such 
organizations as the Cave Research Foundation (CRF), the Central Kentucky Karst 
Figure 2. Groundwater basins in the Mammoth Cave area (after Quinlan and Ray, 1981). 
Coalition (CKKC), and other equally tenacious groups of cavers have revealed hundreds 
of kilometers (km) of conduits, which gives unparalleled accessibility for direct study of 
the evolution of karst groundwaters. In particular, the discovery and exploration of nearly 
10 km of base-level conduit within the Turnhole Spring drainage basin (Quinlan and 
Ewers, 1981) increases the spatial resolution of the geochemical data by filling in a 
substantial portion of the "gap" between recharge sources and discharge at Turnhole 
Spring (Figure 2). Continuous, high-resolution dataloggers installed at discrete locations 
4 
in the aquifer provide a database of thousands of measurements from which to examine 
small-scale (storm) and large-scale (seasonal) changes in the hydrology and geochemistry 
of the groundwater (Groves and Meiman, 1995a; Meiman et. al., 1995). 
1.2 Physiographic Location and Regional Stratigraphy 
The Mammoth Cave region of south-central Kentucky is located within the broad 
karst region that extends through the Interior Low Plateaus of the southeastern United 
States (Figure 3). Southeast of MCNP is the Pennyroyal Plateau, on which is developed 
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Figure 3. Physiographic setting of the south-central Kentucky karst (from Palmer, 1985). 
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one of the world's most extensive sinkhole plain landscapes. To the northwest lies the 
Chester Upland, or Mammoth Cave Plateau, part of the Western Coal Field. The edge of 
the Mammoth Cave Plateau forms an escarpment known locally as the Dripping Springs 
Escarpment, and is part of the Chester Cuesta that forms the eastern rim of the Illinois 
Basin. 
The Pennyroyal Plateau is subdivided into two areas: the Sinkhole Plain, a band 
characterized by thousands of sinkholes and little surface drainage, and the Glasgow 
Upland, an area of largely surface drainage. Many of the streams draining the Glasgow 
Upland sink underground as they meet the Sinkhole Plain, forming a boundary between 
the two. 
The Mammoth Cave karst aquifer of south-central Kentucky has developed in a 
nearly horizontal, 160 m-thick section of cavernous Mississippian limestones (Figure 4) 
which include the St. Louis, Ste. Genevieve, and Girkin limestones (Haynes, 1964; 
Howard, 1968; Miotke and Palmer, 1972). 
The cavernous limestones are overlain by insoluble rocks of Mississippian and 
Pennsylvanian ages. Completely removed from the Pennyroyal Plateau (with the 
exception of a few remnant outliers, called "knobs"), the edge of the Mammoth Cave 
Plateau is slowly retreating to the northwest as the escarpment erodes. 
The Sinkhole Plain is formed on relatively pure limestones, allowing the 
formation of extensive dendritic conduits beneath the surface that drain northwest 
towards the regional base-level of the Green River. Less pure limestones, exposed on the 
6 
Figure 4. General stratigraphy of the Mammoth Cave area (Palmer, 1985). 
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Glasgow Upland, support surface drainage and little or no karst development (Palmer, 
1985). . ' 
The average elevation of the Mammoth Cave Plateau is roughly 260 meters above 
sea level, with the Sinkhole Plain at 200 meters and the base-flow elevation of the Green 
River at 138 meters. 
1.3 Regional Drainage 
A map of the surface drainage in south-central Kentucky shows the Mammoth 
Cave karst aquifer to be within the drainage basin of the Green River (Figure 5). The 
Green River meanders from east to west, deeply incising the Mammoth Cave Plateau. In 
this area, it has two main tributaries, the Nolin River from the north and the Barren River 
from the south. 
Figure 5. Surface drainage in south-central Kentucky. 
1.4 Summary of Thesis Research 
The objective in this thesis was to collect and evaluate geochemical data from the 
Logsdon River, an open-flow conduit that drains a portion of the Turnhole Spring basin 
within the Mammoth Cave karst aquifer (Quinlan and Ray, 1981). A spatial survey of the 
entire Logsdon River conduit, which included seasonal sampling of the carbonate 
chemistry through nearly ten km of an open-flow system, collected data that reflected the 
geochemistry of the base-level conduit during both summer- and winter-flow conditions. 
Examination of these data revealed a groundwater picture in the base-level 
conduit system different from that inferred during prior studies of the aquifer. Evaluation 
of the saturation state of the water with respect to calcite (SIcaI) revealed that water in the 
Logsdon River conduit changes from an undersaturated state to one of oversaturation for 
several thousand meters. A boost in carbon dioxide partial pressure (PC02), the chemical 
control of SIcal, returns the water to a slightly undersaturated condition. 
A closer look at the hydrology and morphology of the Logsdon River, in light of 
these new data, reveals a clear relationship between water chemistry and the physical 
makeup of the conduit. The accumulation of travertine rimstone formations over several 
thousand meters of the Logsdon River conduit can be explained, both hydrologically and 
geochemically. The contribution of C0 2 by tributaries and/or in-cave sources can be 
clearly identified by matching the C0 2 analyses in the conduit with corresponding conduit 
tributaries and organic-rich pools. 
The nature of the transition between summer and winter conditions in the aquifer 
was investigated by an intensive study of the geochemical conditions at the Logsdon 
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River monitoring well, located near the downstream end of the Logsdon River conduit. 
Specifically, the relationship between specific conductance (spC), a measure of the total 
amount of dissolved solids in solution, and pH (a function of hydrogen ion activity, aH ) 
was evaluated during both seasons in an attempt to predict the pH value for any given 
water sample based on spC measurements (Groves and Meiman, 1996a). These 
relationships, when established, may be added to the known linear relationships in the 
2+ 2+ Logsdon River between spC and calcium (Ca ), magnesium (Mg ), and bicarbonate 
alkalinity (HC03"). These equations allow for the close estimation of PC 0 2 and SIcal values 
from two easily obtained high-resolution field measurements: temperature and spC 
(Groves and Meiman, 1995a). 
The importance of obtaining geochemical data from karst waters lies in the 
calculations of several components of cave development. These include the above-
mentioned Pco2' the saturation state of the water with respect to calcite (CaC03) and 
dolomite (CaMg(C03) ), and, most importantly, the dissolution rates (i.e., kinetics) 
associated with the bedrock (White, 1988). Applications of calcite dissolution rate laws in 
the Logsdon River conduit may be used to enhance our understanding of the time scale 
associated with the development of the south-central Kentucky karst region (Groves and 
Meiman, 1996b). 
Computing annual values for total dissolved inorganic carbon transported by the 
Logsdon River is another step towards quantifying the contribution made by a karst 
aquifer to the global carbon cycle, as a karst region will either be a consumer or producer 
of atmospheric C0 2 (Groves and Meiman, 1996a). Since the estimated global percentage 
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of land identified as karst may be as much as 20% (Ford and Williams, 1989), the role of 
karst processes in the global carbon cycle must be addressed in the overall global carbon 
budgets. 
What we learn about these processes through continuing studies in the Mammoth 
Cave karst aquifer will hopefully serve to expand and refine our current models of 
conduit morphology, groundwater evolution, and physical C0 2 flux in the region— all of 
which are used in understanding the speleogenesis of the south-central Kentucky karst. 
Chapter 2 
HYDROGEOLOGY OF THE TURNHOLE SPRING BASIN AND THE 
LOGSDON RIVER CONDUIT 
2.1 Introduction 
The Turnhole Spring basin drains roughly 244 km of the south-central Kentucky 
karst (Figure 6) and discharges at Turnhole Spring, a 10 m-deep alluviated rise located on 
the outside meander of Turnhole Bend. Turnhole Spring is the state's third-largest spring, 
discharging slightly more than 14 cubic feet per second during summer low-flow 
conditions (Foster, 1997). Between 1974 and 1984, a significant amount of effort was put 
forth detailing the Turnhole Spring groundwater basin by those involved in the seasonal 
hydrology and cave mapping program at MCNP. The Turnhole Spring basin was found to 
be comprised of two sub-basins: the Mill Hole sub-basin, and the Proctor sub-basin. The 
Proctor sub-basin would be further divided into the Cave City and Patoka Creek sub-
basins with the discovery of the Logsdon and Hawkins Rivers, respectively (Quinlan and 
Ray, 1981). 
Although the Cave City sub-basin is the smallest in terms of area of the three 
major sub-basins that resurge at Turnhole Spring, it is the only portion of the Turnhole 
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Figure 6. The Turnhole Spring groundwater basin (Quinlan and Ewers, 1981). 
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Spring basin to date that has proved to contain extensive base-level cave passages at or 
above the water table. This perched attribute is the result of stratigraphic control by 
bedded cherts (Howard, 1968; Miotke and Palmer, 1972; Woodson, 1981b; Palmer, 
1985). The master drainage conduits for the Patoka Creek, Proctor Cave, and Mill Hole 
sub-basins (Figure 6) of the Turnhole Spring basin are likely phreatic in nature (Meiman, 
1989; Meiman and Ryan, 1993), having presumably breached the above mentioned chert 
members. 
The Logsdon River conduit within the Mammoth Cave System is the master 
drainage for the Cave City groundwater sub-basin (Figure 6). The accessible portion of 
the conduit begins on the topographic boundary between the Sinkhole Plain and the 
Mammoth Cave Plateau, passing westward beneath the plateau to join with the Hawkins 
River, the master drainage for the Patoka Creek groundwater sub-basin. Ultimately, the 
water is discharged at Turnhole Spring on the Green River, a distance of nearly 23 km 
(Quinlan and Ray, 1981). It is possible to follow the Logsdon River through nearly 10 
continuous km of cave passage, from its upstream siphon to its downstream confluence 
with the Hawkins River. Typically, open conduits end quickly in sumps (locations where 
water completely fills the passage), explorable only by cave divers. Sumps represent the 
end of the open system, as groundwater is no longer in contact with a cave atmosphere. 
For this reason, relatively few studies of geochemical evolution have been conducted 
within a karst aquifer (Hess, 1974; Coward, 1975; Lorah and Herman, 1988; Groves, 
1992; Wicks and Groves, 1993; Wicks and Englen, 1996). 
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The Logsdon River was discovered independently in 1979 at two separate 
locations in the Mammoth Cave System (Brucker and Lindsley, 1979; Coons and Engler, 
1980). It was named Hawkins River by those who found its downstream end in Proctor 
Cave, and Logsdon River in upstream Morrison Cave and, a year later, Roppel Cave 
(Borden and Crecelius, 1984). The Hawkins River explorers followed their river 
upstream to a fork. The Left Fork was eventually connected with the Logsdon River in 
Morrison and Roppel Caves, and was found to drain the Cave City sub-basin. The Right 
Fork could be traversed for only a few hundred meters before completely filling with 
water. It drains the much larger Patoka Creek sub-basin. To avoid confusion, the name 
Logsdon River now replaces previously published references to the Left Fork, and the 
name Hawkins River now replaces previously published references to the Right Fork. 
Geochemical studies of the Turnhole Spring groundwater basin prior to the 
discovery of the Logsdon and Hawkins Rivers were confined to discrete locations, such 
as the sinking streams in the Sinkhole Plain recharge area and the karst windows at Mill 
Hole and Cedar Sink (Figure 2). Decreases in total dissolved solids and C0 2 
concentrations between Mill Hole and Cedar Sink are attributed to dilution by waters 
2+ 2+ 
collected on the Mammoth Cave Plateau that are less concentrated in Ca , Mg , and 
HC03", as opposed to those originating on the Sinkhole Plain (Hess, 1974; Hess and 
White, 1989; Hess and White, 1993). Seasonal changes in the carbon dioxide and 
hardness concentrations, associated with the growing season and increased microbial 
activity in soils, were also recorded. Variations in these two parameters were also 
accounted for by the effects of storm runoff within the basin. With the exception of 
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surface streams during summer months, all samples were found to be in various degrees 
of undersaturation with respect to both calcite and dolomite. 
In the early 1980s, monitoring wells were drilled into both the Logsdon and the 
Hawkins Rivers by the NPS under the direction of the late Dr. Jim Quinlan. The 1992 
installation of a continuous electronic monitoring system called a Karst Water 
Instrumentation System (KWIS) at the Logsdon River well allowed for continuous 
monitoring of stage, temperature, and spC. Strong statistical relationships between spC 
2+ 2+ 
and dissolved Ca , Mg , and HC0 3 were found to exist (Groves and Meiman, 1995a; 
1996a; 1996b). While these studies were being conducted, an unexpected observation 
was made; samples drawn from the Logsdon River well during low-flow conditions were 
found to be oversaturated with respect to calcite. Clearly, the geochemistry in the Cave 
City portion of the Turnhole Spring basin was unlike that reported earlier for the Mill 
Hole-Cedar Sink sub-basin. The fact that the flow path through the Cave City sub-basin 
was open for nearly 10 km prompted the investigation of these geochemical differences. 
2.2 Regional Structure 
While the sediments that would make the limestones of the Mammoth Cave 
region were being deposited, the North American continent was gently warped into 
basins and arches (Thornbury, 1965). The Mammoth Cave region is located on the edge 
of a broad, shallow depression in the continent known as the Illinois Basin. Regionally, 
the Mammoth Cave karst is developed on a structural monocline, dipping less than one 
degree to the northwest (Hess et al., 1989). The combination of bedding-plane flow paths 
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and the hydraulic gradient created by the difference in elevation between the water table 
beneath the Sinkhole Plain and the Green River (Figure 7) allowed for the development 
of the world's longest cave (Howard, 1968; Quinlan and Ewers, 1989). 
Figure 7. Cross-section along NW-SE axis of the Turnhole Spring groundwater basin 
(Quinlan and Ewers, 1981). 
East of the south-central Kentucky karst region is the Cincinnati Arch, a wide 
anticlinal warp that extends from the northeastern Lexington Dome to the southwestern 
Nashville Dome. The Mississippian limestones that outcrop in the Sinkhole Plain extend 
parallel to the Cincinnati Arch, continuing to outcrop well into southern Indiana. 
Variations in local dip on a scale of tens or hundreds of meters are mainly due to 
irregularities in the sedimentary beds. Most are too subtle to be detected without precise 
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leveling (Palmer, 1989a). Larger irregularities are several kilometers wide and were 
caused by continental stresses along the Rough Creek Fault Zone. 
Joints, perpendicular fractures of tectonic origin with respect to bedding planes, 
are typically oriented either northeast-southwest or northwest-southeast in the region 
(Deike, 1967; Palmer, 1981a). Most individual joints are limited to one or a few beds 
within major limestone units and do not interconnect (Deike, 1967; 1989). Jointing 
appears to have less importance than bedding planes in providing flow paths through the 
Mammoth Cave karst aquifer (Deike, 1989; Palmer, 1989a). 
Faulting, in which some movement has occurred along the break, is more 
common to the north and west of the Mammoth Cave karst aquifer. This area is on the 
outermost fringe of the Rough Creek Fault Zone in western Kentucky. Basal 
Pennsylvanian paleovalleys north of the Green River, such as the Nolin Lake area, are 
fault-controlled in many instances (George, 1989). 
Normal faults with displacement up to tens of meters have been found in the 
Mammoth Cave area (Palmer, 1981a). Many smaller faults, with displacement of a few 
meters or less, have also been recorded. However, faulting has not been shown to have a 
significant influence on karst development here. 
2.3 Stratigraphic Control on Karst Development 
The stratigraphy of the central Kentucky karst provides one of the physical 
constraints that determines the characteristics of the Mammoth Cave karst aquifer. The 
rocks that underlie the region belong to the Mississippian-age Meramecian and 
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Chesterian Series, with the exception of the Pennsylvanian Caseyville Sandstone found 
above an erosional unconformity (Hess et al., 1989). A detailed stratigraphic investigation 
of the cave-forming units (Figure 8) found that stratigraphy influences the local 
development of the subsurface drainage system (Palmer, 1981a). The placement, shape, 
and extent of the conduit system that has developed within these stratigraphic units has 
been dominated by the history of downcutting by and alluvial filling of the Green River 
(Palmer, 1989b). 
The oldest exposed rocks in the karst area belong to the Salem and Harrodsburg 
Formations. These argillaceous limestones are found outcropping on the Glasgow 
Upland, where karst features are poorly developed (Hess et al., 1989). Drainage tends to 
remain on the surface of these units, and infiltration moves as diffuse, rather than conduit, 
flow. The shaley, chert-filled Salem-Warsaw Formation acts as an aquiclude to 
effectively define the lower limits of the groundwater as it circulates through the entire 
Mammoth Cave karst aquifer (Hess and White, 1993). 
The St. Louis Limestone is exposed along the southern portion of the Sinkhole 
Plain. Streams that flow across the Glasgow Upland disappear at sink points in the St. 
Louis, and become a major recharge source for the Mammoth Cave karst aquifer 
(Quinlan and Ray, 1981). 
The upper St. Louis Limestone is characterized by three distinctive chert beds. At 
the surface, these chert beds exert a strong influence on the development of sinkholes 
(Howard, 1968; Woodson, 1981a). Beneath the surface, they can be a stratigraphic 
control on flow paths of cave streams (Groves and Crawford, 1990). The uppermost chert 
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Figure 8. Detailed stratigraphy of the cavernous limestone units in the Mammoth Cave 
area (Palmer, 1981a). 
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horizon is the Lost River Chert (Hagan, 1966), a 1.5-3 m-thick fossiliferous unit that very 
effectively resists both solution and erosion. About 12 m below the Lost River Chert is a 
second chert member, the Corydon Chert (Hagan, 1966). Base-level drainage conduits in 
the Mammoth Cave karst aquifer are typically phreatic, unless perched atop these chert 
members of the upper St. Louis (Palmer, 1989a). 
The Ste. Genevieve Limestone is exposed along the Sinkhole Plain near the 
Dripping Springs Escarpment and also on the bottoms of karst valleys that dissect the 
Mammoth Cave Plateau (Haynes, 1964). The lower half of this unit contains interbedded 
limestone and dolomite, and the upper half contains limestone with thinly-bedded silty 
limestone. Dolomitic portions of the unit dissolve more slowly than limestone; thus 
dolomite stands out in relief between undercut limestone beds in cave passages and road 
cuts. 
Most of the explored passages in the Mammoth Cave System are in the Ste. 
Genevieve Limestone. Protected from erosion by a sandstone caprock, many of these 
passages have been abandoned and represent the paleoflow of groundwater through the 
aquifer (Pohl, 1936; Miotke and Palmer, 1972; Palmer, 1989b). 
The youngest limestone unit of the Mammoth Cave karst aquifer is the Girkin 
Limestone. It is considerably less pure than either the St. Louis or the Ste. Genevieve 
Limestones, with a number of thinly interbedded siltstones and shales (Hess et al.. 1989). 
The Girkin Limestone is found under the ridges of the Mammoth Cave Plateau, but only 
the oldest remaining cave passages— such as Collins Avenue under Flint Ridge, the 
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Rotunda and Gothic Avenue under Mammoth Cave Ridge, and Bunnell Avenue in 
Eudora Ridge— are developed in the Girkin Limestone (Palmer, 1989a). 
The Big Clifty Sandstone, overlying the Girkin Limestone, plays a very crucial 
role in the development of the caves in the aquifer. It acts as a protective caprock, 
preventing the erosion and dissection of the Mammoth Cave Plateau, which allows the 
conduits that drain the Sinkhole Plain to enlarge by dissolution. Where the Big Clifty is 
absent, as in the karst valleys that cut into the Plateau, runoff collected on top of the 
Plateau will sink into vertical shafts along the margin of the caprock (Pohl, 1955; Brucker 
et al., 1972). 
Above the Big Clifty Sandstone is a shallow, 12-m thick limestone unit called the 
Haney Limestone (Haynes, 1964). The Haney forms a minor aquifer, perched well above 
the Mammoth Cave karst aquifer. This unit is almost completely absent, exposed only on 
Flint Ridge south of the Green River. At Flint Ridge, the Haney Limestone provided 
small springs used by the early settlers of the area (Cushman et al., 1965). 
The Haney springs, vertical shafts, and karst valleys contribute to both local and 
regional springs that drain the Mammoth Cave Plateau (Hess et al., 1989). 
2.4 Development of Conduits and Vertical Shafts 
The drainage in the Mammoth Cave area is down the gentle dip slope of the 
northwest-dipping rock units. No surface drainage, with the exception of the regional 
rivers, completely crosses the karst. Instead, the development of an integrated network of 
conduits transport groundwater rapidly from the recharge areas to regional springs, such 
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as Turnhole Spring, on the Green River (Quinlan and Ray, 1981). These conduits act as 
pipes, responding to localized rain events with turbulent flow velocities in meters per 
second (Hess et al., 1989). 
Caves in the aquifer are characterized by branching, low-gradient conduits, often 
connected by vertical shafts or steeper-gradient vadose canyons. Most cave passages are 
developed along bedding planes, as groundwater moves down the hydraulic gradient 
towards the Green River (Palmer, 1989b). Several abandoned levels of cave development 
represent the lowering of the regional base-level, as the Green River incised deeper into 
the Mammoth Cave Plateau. However, the Green River has not always steadily downcut 
into the Plateau. During periods of glaciation in the Quaternary (about one million years 
ago), the level of the Green River fluctuated, responding to periods of glacial advances 
and retreats. During glaciations, the Green River valley filled with sediments, raising the 
elevation of the river and causing widespread sediment infilling of many older, 
abandoned conduits (Palmer, 1989b). When the glaciers retreated, some of the sediment 
was removed by reactivated streams (Miotke and Palmer, 1972; Palmer, 1989b), and the 
Green River would continue to erode downward. This pattern was repeated several times; 
each time, the Green River and the cave passages would reach an even lower level than 
before. At the present time, the bedrock floor of the Green River valley in the Mammoth 
Cave region lies below approximately nine meters of sediment that accumulated after the 
last glacial retreat, about 14,000 years ago (Palmer, 1981a). 
23 
2.5 Springs on the Green River 
The first hydrogeologic inventory of springs on the Green River, between the 
Munfordville and Brownsville river gages, was accomplished by boat, measuring 
electrical and thermal properties of the water while looking for visible evidence of 
springs along the banks (Hess et al., 1974). This work was conducted in late 
summer/early fall, which represents low-flow conditions in the aquifer. During low-flow 
conditions, the visible evidence for springs was greatest, and the contrast in river water 
and spring water temperatures is the greatest. Eighty-one springs were located in this 
manner, with many refinements made over the next twenty years (Figure 9). 
Figure 9. Locations of springs on the Green River (Hess et al., 1974). 
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Springs on the Green River can be classified as either alluviated or gravity 
springs, based on their morphology at pool stage. They can also be classified as regional 
or local springs, based on drainage areas, which are reflected by spC and discharge (Hess 
et al., 1989). 
Alluviated springs, such as Turnhole Spring and Pike Spring, originally developed 
as fairly large, tubular, low-gradient outputs at the river level. They were flooded and 
subsequently filled with sediment during the most recent period of glaciation, when the 
Green River valley filled with at least nine meters of sediment. Today, water that drains 
to Turnhole Spring must rise through the alluvium to join the Green River. On occasion, 
the rise "pipes" may become choked with sediment, creating a temporary plug in the 
primary spring orifice and necessitating the reactivation of an alternate overflow spring 
such as Sandhouse Cave Spring or Notch Spring (Quinlan and Ewers, 1989). 
Gravity springs have unconfmed outlets, and create free-flowing streams at or 
above the present pool level of the Green River. Most springs on the north side of the 
Green River are classified as gravity springs (Hess et al., 1989). 
Regional springs on the Green River are characterized by the highest discharge 
and highest specific conductance (Hess et al., 1989). The majority of the recharge from 
regional springs originates on the Sinkhole Plain, over 20 km away. The Sinkhole Plain 
provides the largest catchment area for sustained high discharge. The distance between 
recharge and regional springs prolongs the contact between the groundwater and the 
bedrock, allowing dissolution to take place and increase the specific conductance. 
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By contrast, local springs have lower discharges and highly variable conductivity. 
These springs are fed by vertical shaft complexes on the margin of the Mammoth Cave 
Plateau and by karst valleys that dissect the plateau. Each karst valley defines its own 
catchment area, which is, by itself, its own separate drainage system. Distance and travel 
times through the aquifer are therefore much shorter for the groundwater that discharges 
at local springs. 
The dissolved inorganic carbon concentration of the large regional springs, such 
as Turnhole Spring, show a well-defined seasonal cycle (Hess and White, 1989). 
Minimum values for calcium, magnesium, and bicarbonate occur from February through 
April. Maximum values occur from August to October. These months correspond with 
annual wet and dry periods. 
Carbon dioxide partial pressures at regional springs also show marked seasonal 
variations (Hess and White, 1989). The C0 2 minimum values occur from January to 
March, with maximum values from July through October. These periods coincide with 
vegetative growing seasons and the times when microbial activities in soils would be at 
their extremes. 
Small-scale fluctuations in groundwater chemistry of the regional springs are 
mainly attributed to both dilution and mixing effects from infeeders draining the karst 
valleys and plateau margins (Hess, 1974; Hess et al., 1989; Hess and White, 1993). 
However, the annual cycle is controlled by seasonal variations in the C0 2 content of the 
groundwater, most of which is contributed by the Sinkhole Plain soils at the beginning of 
the flow path. 
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2.6 Recharge Sources for Turnhole Spring 
The Green River is the hydrologic base level for the Mammoth Cave karst aquifer, 
and is the outlet for over 80 springs (Hess et al., 1989). The main sources that supply the 
water that discharges from these springs are sinking streams and sinkholes on the 
Sinkhole Plain; perched springs and karst valleys on the Mammoth Cave Plateau; and 
base-level backflooding from the Green River into the aquifer. Turnhole Spring, 
classified as a regional spring, receives water from all three recharge sources. 
The Sinkhole Plain catchment makes up 47% of the total aquifer recharge area 
and 60% of the area south of the Green River. Catchments on the Mammoth Cave Plateau 
make up 53% of the total aquifer recharge area, with 40% south of the Green River. All 
of the catchment area north of the Green River is on the Mammoth Cave Plateau, but 
does not contribute to the conduit flow south of the Green River (Hess et al., 1989). 
2.6.1 The Sinkhole Plain 
The Sinkhole Plain consists of a gently rolling topography studded with thousands 
of sinkholes, or dolines. The southern half of the Sinkhole Plain has been termed the 
"high sink plain" (Howard, 1968), characterized by high relief and numerous deep, steep-
sided sinkholes. The high sink plain catchment, where the St. Louis Limestone outcrops, 
contains many short, first-order sinking creeks. Several have more than one tributary, 
such as Sinking Creek, Little Sinking Creek, and Blue Spring Creek. These sinking 
creeks are deeply incised into the Sinkhole Plain and end in alluviated blind valleys. 
More than one sinkpoint, or swallet, may divert surface water into the underground 
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conduit system along the surface channel. Initially, the swallet farthest upstream will be 
the one to divert the water to the subsurface. As the surface discharge becomes too great 
for the swallet to divert, the creek's discharge will exceed the drainage capacity of the 
first swallet, running down the channel to the next swallet. In this manner, the terminal 
swallet is reached only during periods of heavy rainfall and runoff. Due to the 
accumulation of logs, silt, and other flood debris, access to the horizontal component of 
the conduit system under the Sinkhole Plain is a rarity. 
The zone between the high sink plain and the Dripping Springs Escarpment, 
called the "low sink plain," is characterized by low relief and shallow, broad, scattered 
sinkholes in the Ste. Genevieve Limestone (Howard, 1968). There are no surface streams 
on the low sink plain, where all surface runoff is diverted directly into the sinkholes. 
Most of the sinkholes on the low sink plain are solution sinks, with flat floors covered 
with thick layers of unconsolidated materials. Occasionally, collapse sinks, formed by the 
roof collapse of shallow caves, will intersect the subsurface drainage of the Sinkhole 
Plain. These collapsed sinks are called karst windows (Hess et al., 1989). Mill Cave, in 
the Barren River drainage basin, and Mill Hole, in the Green River drainage basin, are 
local examples of karst windows on the Sinkhole Plain. 
Soils that cover both the uplands and the alluvial floodplains of the Sinkhole Plain 
are relatively thick, well-drained terra rosa and brown soils, with mean annual 
temperature at 50 cm depth from 8-15° C. Leaching of silica and dehydration of iron 
minerals produce the deep red soils known as terra rosa (Latham, 1969). 
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In one of the first hydrochemical studies of the Central Kentucky karst aquifer, 
more than 80% of the runoff collected on the Sinkhole Plain recharge area was found to 
be discharged at regional springs on the Green River (Hess, 1974). 
2.6.2 The Mammoth Cave Plateau 
The Mammoth Cave Plateau, capped by the Haney Limestone and Big Clifty 
Sandstone, collects precipitation that contributes to the Mammoth Cave karst aquifer. The 
Haney Limestone, outcropping near the Green River on Flint Ridge, creates a perched 
aquifer that has been used for hundreds of years as a water source by settlers of the 
Mammoth Cave Plateau (Cushman et al., 1965). It discharges through a series of small 
springs, located along the contact of the Haney and the Big Clifty, where the water is then 
directed downward to the Mammoth Cave aquifer via vertical shafts. On the remainder of 
the plateau, large stretches of sandstone caprock can support intermittent streams, which 
will sink once the underlying Girkin Limestone is exposed. Sloan's Crossing Pond, near 
the entrance to MCNP, is an example of a perched body of water on the sandstone 
caprock. 
Once the sandstone caprock has been breached, completely underdrained valleys, 
or karst valleys, can develop. Some karst valleys on the Mammoth Cave Plateau, such as 
Doyel Valley and Woolsey Valley, contain short stretches of surface channels. However, 
these channels are active only during intermittent periods of flooding and do not reach the 
Green River. Surface runoff from the plateau is directed into the underground conduits 
via these karst valleys. 
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Some portions of the Mammoth Cave Plateau have developed features somewhere 
between true fluvial valleys and large dolines (dolines are enclosed valleys that replace 
fluvial features in karst landscapes; (Sweeting, 1973)). Upstream, some of the hydrologic 
and geomorphologic characteristics are decidedly fluvial, whereas the downstream 
reaches are most definitely closed depressions. Wildcat Hollow, on the western edge of 
South Toohey Ridge, is an example of a fluvial valley that grades into a doline (Ray, 
1996). 
Soils on the plateau are very thin and sandy, a reflection of the sandstone bedrock 
and organic-poor forest soils in general. The soils covering the slopes and bottoms of the 
karst valleys are sandy, excessively drained residual soils (Hess and White, 1989). 
2.6.3 Green River Backflooding 
Recharge from the Sinkhole Plain and the Mammoth Cave Plateau drains to the 
Green River through low-gradient, open conduits. Occasionally, a sudden rise in the stage 
of the Green River results in a reversal of the hydraulic gradient and subsequent 
backflooding of the conduits (Hess et al., 1989). This situation occurs when storms in the 
upstream Green River basin cause the river stage to increase faster than the cave streams, 
or when impounded water is released into the Green River from reservoirs upstream. Due 
to the low gradient of the cave streams as they join the Green River, water from the Green 
River is forced several kilometers upstream into base-level conduits. This unusual source 
of water in the Mammoth Cave karst aquifer is sometimes stored for several days, until a 
drop in the Green River stage height allows it to be discharged back through the springs. 
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2.7 Groundwater Basin Delineation 
In 1974, the NPS added a resident hydrologist to its permanent staff at MCNP. 
Prior to this date, karst scientists wishing to conduct research at the Park did so 
sporadically or, at best, during the course of a summer season. With the hiring of Dr. 
James Quinlan, the NPS committed itself to several long-term research projects. 
The first objective as set forth by the NPS was the delineation of the entire 
drainage basin of the Mammoth Cave karst aquifer, a tremendous undertaking in several 
respects. First, the objective would mean reaching out beyond the boundaries of the Park 
to include the adjoining counties of Barren, Edmonson, Hart, and Warren. Second, the 
dye-tracer method of basin delineation would be the largest ever in terms of the sheer 
number of traces required (more than 500 traces were recorded between 1975-1987). 
Many cavers between 1974-84 participated in Quinlan's summer dye-tracing program, 
which also included the fabrication and installation of surface-stilling wells, discovering, 
exploring, and mapping base-level conduits, and measuring groundwater elevations at 
hundreds of local water wells (Quinlan and Ewers, 1989). A more complete 
understanding of the dynamics of the flow system, beginning with sinking streams out on 
the Sinkhole Plain, moving through base-level cave streams, and ending at the regional 
springs on the Green River, was the end result of countless man (and woman)-hours 
invested in this project. The most detailed map to date remains the 1981 publication by 
Quinlan and Ray (revised 1989), entitled Groundwater Basins in the Mammoth Cave 
Region, Kentucky. 
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The Mammoth Cave karst aquifer is divided into groundwater basins, with 
distinct drainage divides separating them from adjacent basins (Figure 2). As is true for 
many karst settings, the groundwater basins do not necessarily coincide with surface 
topography. The drainage divides are not fixed, and may shift with respect to water level, 
particularly during flood events. Intermittent overflow routes between basins are 
activated during periods of high flow (Meiman and Ryan, 1993; Anthony, 1997; Ray, 
1997). 
Each of the drainage basins is thought to have a "master conduit" that collects 
subsurface tributaries from its recharge sources (Quinlan and Ewers, 1981). Locations of 
the base-level conduits are marked as groundwater troughs in the potentiometric surface, 
which was carefully mapped from hundreds of water-well measurements. This surface 
slopes northwestward, generally following, but not concordant with, the dip of the 
bedrock (Quinlan and Ray, 1981). 
Stratigraphy plays a very important part in the discovery and exploration of these 
active base-level conduits in the Mammoth Cave karst aquifer. While tracers and 
hydrographs may assist in predicting the existence and general location of large conduits, 
getting into these conduits physically has posed a real challenge to explorers. In caves 
where base-level streams have been found, it is only those streams that are perched above 
the bedded cherts of the upper St. Louis Limestone that may be followed for any 
appreciable distance. This situation describes the Logsdon River conduit in the Turnhole 
Spring basin. Where the streams have downcut the chert beds, the water disappears into 
perennially-flooded conduits. This situation also describes our current understanding of 
32 
the Hawkins River in the Turnhole Spring basin, which is thought to be phreatic in 
nature. 
2.8 The Turnhole Spring Basin 
Perhaps the most thoroughly studied groundwater basin in the Mammoth Cave 
karst aquifer is the Turnhole Spring basin (Figure 6). The Turnhole Spring basin drains 
roughly 244 km of the south-central Kentucky karst and discharges at Turnhole Spring. 
During flood events, the adjacent basins draining to Echo River Spring, Styx Spring, and 
Pike Spring receive overflow from the Turnhole basin via conduits that are higher in 
elevation than the present-day base-level (Meiman and Ryan, 1993; Anthony, 1997; Ray, 
1997). 
The catchments for the Turnhole Basin include the sinking streams along the 
southern edge of the Sinkhole Plain (27%); direct inputs from sinkholes on the Sinkhole 
Plain (40%); runoff from the plateau margin (16%); and runoff from the karst valleys 
incised into the plateau (17%) (Hess and White, 1993). 
The Turnhole Spring basin is comprised of two sub-basins: the Mill Hole sub-
basin, and the Proctor sub-basin (Figure 6). The Proctor sub-basin is further divided into 
the Cave City and Patoka Creek sub-basins, with the Logsdon and Hawkins Rivers the 
master drainage conduits, respectively. 
2.8.1 The Mill Hole Sub-basin 
The Mill Hole sub-basin, largest of all the Turnhole Spring sub-basins at roughly 
112 km , extends for more than 18 km through the aquifer (Quinlan and Ray, 1981). 
Access to conduits draining this sub-basin is restricted to a few locations. It receives 
water from 17 sinking streams, including Little Sinking Creek and Hawkins Creek 
(Quinlan and Ray, 1981). This water combines with the sinkhole catchments and the 
conduit streams in Parker Cave (Brown River) to form a master drain beneath the 
Sinkhole Plain. A large collapse feature, known locally as the Mill Hole, has intersected 
this master drain. The groundwater emerges from the base of a cliff and flows for 60 m 
before sinking once more. Traced to the Cedar Sink karst window in MCNP, the water 
ultimately rises at Turnhole Spring (Quinlan and Ray, 1981). 
2.8.2 The Proctor Sub-basin 
The Proctor sub-basin, roughly 109 km in area, collects drainage from the 
Sinkhole Plain between Park City and Cave City, passing through nearly 20 km of the 
karst aquifer (Quinlan and Ray, 1981). Dye traces from Park City and Cave City to the 
Cedar Sink karst window had predicted at least one master drainage conduit, and possibly 
two, to lie somewhere in between (Quinlan and Ewers, 1989). The flow paths for this 
sub-basin would still be inferred today, were it not for the 1979 discoveries that would 
rock the south-central Kentucky caving community. 
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2.8.3 Discovery of the Logsdon River 
The Logsdon River was discovered in the summer of 1979 by two independent 
groups of explorers. Surveying within MCNP under an agreement between the CRF and 
the NPS, cavers discovered a vertical drop in Proctor Cave that intersected a major base-
level river conduit (Brucker and Lindsley, 1979). They named the river Hawkins River. 
Following the river downstream, a terminal sump was encountered. In the upstream 
direction, the river forked; looking upstream, the right-hand passage, named the Right 
Fork, also ended in a terminal sump. The left-hand passage, named the Left Fork, 
diverged from the flooded lower levels and intersected several large, breakdown-filled 
rooms. 
Unbeknown to the surveyors in Proctor Cave (and likewise, the NPS), a second 
group of explorers were surveying outside of the national park in nearby Morrison Cave. 
They, too, had explored down vertical drops and had discovered a large, base-level 
conduit carrying a sizable amount of water (Coons and Engler, 1980). They named the 
river Logsdon River. The river was followed upstream for several kilometers to a terminal 
sump. Downstream, after watching the river disappear down into a hole at a spectacular 
waterfall (named Pete Strange Falls) created by a breach in the Corydon Chert, the 
abandoned upper-level passage was lost in breakdown-filled rooms. 
Proctor Cave and Morrison Cave were soon connected with each other via climbs 
in the breakdown. Within a matter of weeks, the Proctor-Morrison Cave System was 
connected to the Flint-Mammoth System, and the entire cave was re-named the 
Mammoth Cave System (Figure 10). For the first time, Mammoth Cave extended beyond 
Figure 10. The Mammoth Cave System and the location of the Logsdon River. 
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the national park boundary. Four years later, Roppel Cave, also beyond the national park 
boundaries and containing several kilometers of a base-level conduit, was connected with 
the Mammoth Cave System via what was the former upstream sump in Morrison Cave 
(Borden and Crecelius, 1984). A major flood event in April 1983 was suspected to have 
been responsible for removing a clastic obstruction at the former sump, lowering the 
water level and allowing cavers to continue following the Logsdon River upstream into 
Roppel Cave (Anthony, 1996). 
2.8.4 The Cave City and Patoka Creek Sub-basins 
With the discovery of two conduits containing the Hawkins River and the 
Logsdon River, two sub-basins were identified within the Proctor sub-basin. The Cave 
City sub-basin, roughly 25 km , contained the Logsdon River, from its upstream siphon 
in Roppel Cave to its confluence with the Hawkins River. The Hawkins River, although 
traversable for merely 200 m upstream during low-flow conditions, drained the Patoka 
Creek sub-basin from Park City, with an area of roughly 71 km . Since the Hawkins 
River discharge is greater than the Logsdon River discharge, the combined flow is 
referred to as the Hawkins River. 
The explorable part of the Hawkins River ends in a sump in downstream Proctor 
Cave, about 8 km from Turnhole Spring. It does reappear for a distance of about 500 m in 
Whigpistle Cave, ending in a sump somewhere upstream of the unseen confluence with 
the Mill Hole sub-basin flow line (Quinlan et al., 1983). Hydrographs from the Hawkins 
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River monitoring well interpret the Patoka Creek sub-basin to be phreatic in nature, as do 
similar hydrograph studies of the Mill Hole sub-basin (Meiman, 1989; Murphy, 1992). 
Despite continued efforts by cavers to discover and survey more base-level 
drainage segments in the Turnhole Spring basin (Glennon, 1997), the Logsdon River 
conduit in the Cave City sub-basin remains the longest accessible portion of the entire 
Mammoth Cave karst aquifer. 
2.9 Geochemical Studies in the Turnhole Spring Basin 
2.9.1 Background Studies 
The water chemistry of the Turnhole Spring basin was described in detail by Hess 
(1974). Tabulated in numerical form as Appendix C in his dissertation, fifteen sites 
spread throughout the entire Mammoth Cave karst aquifer were sampled at least twice a 
month for the one-year period between November 1972 and October 1973, for a total of 
441 samples. Recharge sources for Turnhole Spring included Little Sinking Creek (22 
analyses) and Gardner Creek (25 analyses), sinking streams originating on the Glasgow 
Upland and Sinkhole Plain. These sources were found to provide water high in C0 2 
pressures due to the infiltrating of soil horizons high in C02 . Inputs wholly within the 
Turnhole Spring basin included the Mill Hole (25 analyses) and Owl Cave (45 analyses) 
in Cedar Sink. Karst valleys atop the Mammoth Cave Plateau contributed water with 
relatively low C0 2 pressures and lower mean hardness, due to the poorly-drained, sandy 
soils and wooded nature of the plateau. 
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These data were later used in a chemical analysis of the aquifer by Hess and 
White (1993), in which fluctuations in temperature, hardness, Sis for the waters with 
respect to calcite and dolomite, and C0 2 partial pressures were examined on time scales 
between two-week sampling intervals and a full year. In that study, most of the waters 
sampled in the Turnhole Spring basin were found to be undersaturated with respect to 
calcite, and even more undersaturated with respect to dolomite. Seasonal differences in 
C0 2 partial pressures coincided with the availability of C0 2 from the soil and were 
determined to be a function of temperature and growing season. Fluctuations in chemistry 
were reported on both weekly and seasonal time scales. Much of the short-term variation 
and some of the seasonal variation in hardness and SI parameters were accounted for by 
the effects of storm and seasonal runoff into the basin. 
In a study of the movement of pollutants through the Mammoth Cave karst 
aquifer, Meiman (1989) installed four continuous monitoring stations into the Turnhole 
Spring basin, generating a tremendous volume of high-resolution data regarding the 
response of the aquifer to various rainfall events. The sampling stations were located at 
two Sinkhole Plain inputs, the Mill Hole karst window, and Notch Spring, a downstream 
distributary of Turnhole Spring. Chemical data were also collected in order to document 
the changes in spC and the concentration of dissolved solids during flood pulses 
generated by rainfall events. 
Results of this study showed that flood pulses through the Turnhole Spring basin 
could be dissected into two chemically distinct components: displaced stores and storm 
recharge. Conductivity, a reflection of the amount of dissolved solids, experienced cyclic 
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fluctuation as high-conductance stores of water preceded the low-conductance recharge 
during a flood pulse. Afterward, conductivity always retreated baseward to a pre-event 
value. The instantaneous response of stage, the timing of the thermal and chemical 
response, and the temporal lag between the conductivity and temperature peaks during 
flood events suggested that this portion of the Turnhole Spring basin moved water 
through the aquifer under phreatic conduit conditions. 
Existence of the Logsdon River conduit adjacent to the Mill Hole-Cedar Sink 
flow path was unknown in 1974. All inferences with regard to the geochemistry of the 
aquifer as represented by the Turnhole Spring basin were based on the phreatic Mill Hole 
sub-basin. Predicted to exist years before its discovery, the Logsdon River conduit was 
added to the picture of flow paths within the Turnhole Spring groundwater basin in 1979, 
but was not included in later geochemical studies of the basin until the utilization of the 
Logsdon River and Hawkins River monitoring wells. 
2.9.2 Continuous Monitoring at the Logsdon River Well 
In the mid-1980s, employees of the National Park Service, under the guidance of 
the late Dr. Jim Quinlan, installed monitoring wells into both the Logsdon and Hawkins 
Rivers. Cavers working as part of Quinlan's summer groundwater mapping project 
carried radio transmitters into the cave, and accurate locations on the surface were 
identified for each of the rivers. The wells were drilled from the top of the Mammoth 
Cave Plateau 145 m down into the conduits below. Although separated in the cave by a 
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15-minute traverse through the cave, the wells are located less than 100 m apart on the 
surface. 
To facilitate maintenance and future upgrades, a 30m-deep shaft was also drilled 
beneath Doyel Valley to intersect an overflow conduit upstream of the Hawkins River 
and Logsdon River confluence. Use of the Doyel Valley Entrance shortens the travel time 
to the bottoms of the wells to just under one hour. 
The primary purpose for drilling the wells was to monitor the effects of storm and 
seasonal changes on the water quality of these two streams. Pumps were installed to 
collect water samples directly at the surface, in order to evaluate the impact of 
contaminants coming into MCNP from sources outside of the park. Water-quality 
constituents obtained by direct sampling at the wells included fecal coliform counts, 
pesticides, and dissolved solids. Water chemistry constituents permitting calculation of 
some important carbonate equilibria parameters included pH, bicarbonate alkalinity, and 
calcium. 
Previous studies of the groundwater chemistry at single locations in the Turnhole 
Spring basin, such as Mill Hole and Owl Cave, were limited by the number of times the 
investigator(s) were able to hike down and collect the samples and measurements. Today, 
a new style of groundwater investigation incorporates continuous monitoring of the 
hydrologic and geochemical conditions of the aquifer. By 1994, the installation of a 
continuous monitoring station at each well had been completed, generating tremendous 
amounts of high-resolution hydrologic and geochemical data for the Logsdon and 
Hawkins Rivers (Meiman, 1989; Groves and Meiman, 1995a; 1995b). At the Logsdon 
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River well, continuous monitoring of temperature, spC, velocity, and stage height, 
combined with the ability to pump water to the surface for analysis, yielded surprising 
information. 
Data from the Logsdon River well provided a window into what occured in the 
aquifer between the Cave City recharge area and Turnhole Spring. It was learned that at 
least part of the year, during low-flow conditions, the water flowing past the Logsdon 
River well was over saturated with respect to calcite (Groves and Meiman, 1996b). This 
situation was unexpected, as previous studies of sinking streams on the Sinkhole Plain 
and regional springs on the Green River (sampling monthly or twice-monthly) had found 
both to be undersaturated with respect to calcite (Hess, 1974; Hess and White, 1989). 
Although Turnhole Spring (measured at Owl Cave in Cedar Sink) did show 
variations in saturation indices in response to storm events, as well as seasonal 
fluctuations, water flowing through the aquifer to Turnhole Spring made it there in a 
slightly undersaturated state. This point was an important one in interpreting the 
development of lengthy conduits in the aquifer (Hess and White, 1993). The addition of 
new data from the Logsdon River well from the years 1994, 1995, and 1996 clearly 
showed that the rate of cave development within the Logsdon River conduit was not 
continuous, as the conduit cannot be enlarged when the groundwater is saturated with 
respect to calcite (Groves and Meiman, 1996b). At some point in the conduit during low 
flow, the water changed from an undersaturated to an oversaturated state. Presumably, 
somewhere upstream of the Logsdon River well, this transition could be measured and, 
perhaps, the underlying mechanisms understood. 
Chapter 3 
GEOCHEMICAL EVOLUTION OF THE LOGSDON RIVER 
3.1 Introduction 
Groundwater in carbonate rocks is rarely at chemical equilibrium with respect to 
the interaction between limestone or dolomite and C02-water solutions (Hess and White, 
1989). Much effort has been made in studying the chemistry of calcite dissolution, with 
regard to equilibrium chemistry (e.g., Garrels and Christ, 1965; Jacobson and Langmuir, 
1974; White, 1988), kinetics (e.g., Berner and Morse, 1974; Plummer and Wigley, 1976; 
Plummer et al., 1979), and the application of this chemistry to the development of karst 
aquifers (e.g., White, 1977, 1984; Dreybrodt, 1988, 1990; Palmer, 1981b, 1984, 1991, 
1995; Groves and Howard, 1994a,b; Howard and Groves, 1995). In comparison, 
relatively few field studies have been made of the geochemistry and kinetics within karst 
flow systems (Hess, 1974; Coward, 1975; Lorah and Herman, 1988; Groves, 1992; 
Wicks and Groves, 1993; Wicks and Englen, 1996). This discrepancy is mainly due to the 
scarcity of extensive open conduits. 
The discovery and exploration of nearly 10 km of continuous base-level conduit 
within the Turnhole Spring groundwater basin opened up nearly one-half of the flow path 
through the Mammoth Cave karst aquifer, allowing a finer spatial resolution of the 
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geochemical evolution. As groundwater moves through the Logsdon River conduit, 
changes in the water chemistry occur. These changes are controlled by seasonal changes 
in the aquifer, as well as by reactions along the flow path. Some of the more striking 
changes involve C0 2 partial pressures and the subsequent saturation state of calcite 
( S I c a l ) -
The most important control on the ability of groundwater to dissolve limestone is 
its C0 2 pressure, which is influenced by a variety of complex interactions with soil, 
bedrock, and in-cave organic decay. C0 2 concentrations in the soil and in the cave 
atmosphere of the Mammoth Cave area are not exceptionally high (values up to one 
volume percent) and rarely exceed that value even in peak summer months (Miotke, 
1974, 1975). C0 2 pressures for the groundwaters at local and regional springs were 
measured for the water year 1972-73 and were found to be quite different (Hess, 1974). 
Annual, or seasonal variations in P c 0 2 at regional springs in the Mammoth Cave karst 
aquifer occur with minimum values in February and maximum values in July through 
October (Hess, 1974). 
Predicting the ability of groundwater to dissolve limestone involves the 
calculation of the SI for calcite, the primary mineral in limestone. The SI for any mineral 
is a value that describes the interaction between the mineral in question (in this case, 
calcite) and the groundwater with which it is in contact. Negative values indicate that the 
water is undersaturated with respect to calcite, and will therefore dissolve it (enlarging the 
conduit). Positive values indicate that the water is oversaturated with respect to calcite, 
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possibly precipitating calcite in the form of rimstone or flowstone. In general, the farther 
these values are from zero, or chemical equilibrium, the faster the processes will occur. 
Examining geochemical data from the Logsdon River monitoring well over a 
period of several years revealed that during summer (low-flow) conditions, water in the 
Logsdon River conduit was at times oversaturated with respect to calcite, and thus unable 
to dissolve it (Groves and Meiman, 1996b). Previous studies of Turnhole Spring recharge 
sources and Turnhole Spring itself had found various degrees of year-round 
undersaturation with respect to calcite (Hess, 1974). Clearly, at some point in the 
Logsdon River, the water chemistry evolved from undersaturated to oversaturated 
conditions. 
The exact nature of this transition was investigated in a pilot study made in the 
Logsdon River between the well and the farthest upstream point during low-flow 
conditions in 1996. A similar study was conducted during winter conditions in early 
1997. Analyses of dissolved solids, SIca], and C0 2 pressure from water samples collected 
during the pilot studies produced the most detailed spatial data to date of the geochemical 
evolution of groundwater in the Cave City sub-basin flow path. Encouraged by these 
data, similar sampling trips were made during summer conditions in 1997 and winter 
conditions in early 1998. 
Seasonal sampling of the water moving through 10 km of the Logsdon River 
conduit clearly identified sections of conduit that are being enlarged, sections that 
accumulate rimstone, and the times of the year when these conditions occur. Rapid 
outgassing of C0 2 into the cave atmosphere during summer conditions, combined with 
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the change in stream gradient due to local structure, causes water within a significant 
portion of the conduit to precipitate calcite. During these saturated conditions, the conduit 
is not being enlarged by dissolution. Indeed, the overall rate of calcite accumulation 
appears to exceed that of dissolution for several kilometers in the active conduit during 
the summer. Enlargement of the Logsdon River conduit is not a continuous process; on 
the contrary, it occurs over discrete distances during specific seasonal conditions. 
3.2 Logsdon River Sampling Sites 
Ten sampling sites along the Logsdon River were selected, approximately one 
kilometer apart (Figure 11). Each site represented a distinct feature in the Logsdon River 
conduit, to ensure consistent treatment of sampling over the two-year extent of the study. 
Detailed descriptions and locations of each sampling site are found in Appendix A. 
3.2.1 Hydrogeology of the Upper Logsdon River 
The accessible portion of the Logsdon River conduit begins in the Roppel Cave 
section of the Mammoth Cave System (Figure 10), topographically beneath the eastern 
edge of the Mammoth Cave Plateau. At the SI 88 survey station in Roppel Cave (Site 
#1), an intermittent overflow crawlway intersects the beginning of a three-meter by four-
meter elliptical conduit, where water emerges from under a shelf of rock (Anthony, 
1996). In 1984, cave divers penetrated farther upstream beneath this shelf for more than 
100 meters before coming back up into air-filled passages (Simmons, 1985); however, 
there currently is no known way to bypass this sump. 
Figure 11. Sampling sites in the Logsdon River. 
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Nearly one-third of the elliptical-shaped conduit is filled with slow-moving water 
for the first three kilometers. The passage height is rarely more than 2 m, which 
necessitates walking in a doubled-over position while knee-deep in water. Walls, ceiling, 
and floor are covered with mud and silt. Very few pieces of breakdown are present. Site 
#2 is located at the beginning (moving downstream) of a 30-m long swim, with an 
average of 20 cm of airspace. During low-flow conditions, this near-sump is passable. 
However, when the stage recorder at the Logsdon River well is higher than 40 cm, this 
section of the river may be filled to the ceiling with water. 
At S239 (Site #3), the Logsdon River disappears beneath a nearly-terminal 
breakdown collapse. On the surface, this is the western edge of Toohey Ridge, near the 
head of Wildcat Hollow. This breakdown once separated Roppel Cave from the Morrison 
Cave section of the Mammoth Cave System. In 1983, two groups of cave explorers, 
working from either side, were able to find a route through the collapse (Borden and 
Crecelius, 1984). Once through the 300-m breakdown crawl, the Logsdon River is again 
intersected. From this point on, the Logsdon River (and the conduit) are very different in 
character. 
On the Morrison Cave side of the breakdown (Site #4), the gradient of the river 
increases. Here the river forms long stretches of rapidly-moving shallow water, cascading 
over and moving around sharp pieces of breakdown. The cross-sectional area of the 
conduit increases as well, forming a tall canyon with scalloped walls. Perhaps the most 
striking change is the absence of mud and silt. The walls and floor are completely washed 
clean, in marked contrast with the muddy aqueduct in Roppel Cave. 
Although the exact location is hidden in the breakdown connecting the Logsdon 
River in Roppel Cave with the Logsdon River in Morrison Cave, it is clear that what has 
happened in the development of the Logsdon River conduit is the breaching of the 
uppermost chert member of the St. Louis Limestone, the Lost River Chert (Figure 8). A 
recurring observation regarding active stream passages in Roppel Cave is the influence of 
the Lost River Chert on the cave's hydrology (Anthony, 1996). In stream passages of 
significant length and/or discharge, if the chert has been breached or is absent, the water 
has downcut to elevations lower than the Logsdon River at the SI88 sump (176 m) and 
will discharge at Pike Spring (Figure 2). Such is the case with the Black River (168 m), 
Elysian Way (146 m), and the Western Kentucky Parkway (173 m). At an elevation of 
176 m, the Logsdon River at the SI88 sump is barely above the chert, which is exposed 
in the nearby Sluiceway at 171 m. 
For more than two km, from SI88 to the S239 breakdown, the Logsdon River is 
perched on top of this 3-m thick bedded chert. The chert impedes the downcutting of the 
river, creating long stretches of slow-moving water. Once this chert has been breached, 
somewhere between sampling sites #3 and #4, the water is free to downcut more rapidly 
into the limestone, creating a much steeper gradient capable of removing more of the 
sediment. Similar high-gradient, sediment-free streams that have breached the Lost River 
Chert are found in the adjoining Pike Spring basin (Anthony, 1996). 
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3.2.2 Travertine Deposits in the Logsdon River 
In the section of the Logsdon River conduit between the former sump (Site #4) 
and Fritch Avenue (Site #6), precipitated calcite in the form of travertine, or "rimstone," 
coats the surface of everything beneath the stream surface. Dubbed the "rimstone mill," 
gravels, breakdown blocks, and even the bedrock in this section are coated with calcite 
precipitate. Rimstone mounds, some as large as basketballs, can be seen beneath the 
water. Where the water is shallow and swift, as in the X-survey of the Logsdon River 
conduit, rimstone dams are present (Site #5). 
Rimstone dams will form at any irregularity in the floor that thins the flow of 
water above (Ford and Williams, 1989). Calcite precipitation is fastest at the "rim," 
because the water layer is thinnest and the C02 loss the greatest. Where the flow 
transitions to a more turbulent or supercritical regime, accumulation of rimstone may be 
accelerated. Precipitates will also develop in and on the surface of rimstone pools 
(Andrieux, 1963; Hill and Forti, 1986). In this section of the Logsdon River, the basic 
form is a botryoidal crust of calcite. 
3.2.3 Tributaries 
Between Fritch Avenue (Site #6) and Pete Strange Falls (Site #9), small 
tributaries (infeeders) join the Logsdon River conduit. Samples taken from Fritch Avenue 
(Site #6), Ferguson (Site #7), and Morrison (Site #8) are from places in the conduit where 
those infeeders join. During summer months, these infeeders do not have water flowing 
from them into the Logsdon River (except during flood events); therefore, they were not 
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included in the water analyses. During winter months, undisturbed flowing water may be 
sampled at the U-tube infeeder, coming into the Logsdon River just downstream of 
Ferguson (site #7). 
The recharge source for these small infeeders is the Mammoth Cave Plateau, 
deeply dissected by karst valleys. Soils on the plateau are thin, sandy, and low in C0 2 , 
probably due to the sandstone source rock and the organic-poor forest soils. Soils in the 
karst valleys are a combination of slope-washed sandy soil and limestone residual soil, 
also poor in organic material. On the plateau margins, where the Ferguson and Morrison 
Entrances are located, water running off of the sandstone caprock cascades downward 
through vertical shafts developed at the sandstone-limestone contact, forming small 
streams that drain to the Logsdon River. Most of the C0 2 in this water is outgassed by the 
time it reaches the bottom of the shaft drain (Brucker, et. al. 1972). These streams are 
active during winter conditions and during summer storm events. They are high-gradient, 
open systems, and are responsible for the delivery of surface debris into the Logsdon 
River conduit. 
3.2.4 Hydrogeology of the Lower Logsdon River 
Downstream in the conduit from Fritch Avenue (Site #6), the gradient once again 
becomes less steep. The location of the conduit in relation to the stratigraphy points to a 
lithologic control. About 12 m below the Lost River Chert is a second chert member, the 
Corydon Chert. Comprised of an upper lenticular zone and a lower spherical zone, this 
member also controls perching of groundwater in the conduit for a distance of several 
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thousand meters. Beginning at Fritch Avenue, lenses of chert may be seen sticking out of 
the conduit walls, and may be followed down the dip to the Ferguson section. From this 
point forward, the chert layer makes up the floor of the conduit, causing the waters to be 
perched in deep, mud-filled pools. 
Approximately 500 m downstream from Morrison (Site #8), bedded chert is once 
more breached by the river in a series of small (less than 1 m-high) waterfalls, creating a 
high gradient and washing the conduit of mud and other assorted debris. At Site #9, the 
final component of the Corydon Chert is breached at a spectacular 6-m deep cascade 
named Pete Strange Falls. 
Between Ferguson (Site #7) and the Falls (Site #9), deep, quiet pools of water 
accumulate organic debris that has been washed in from the surface by way of the plateau 
infeeders. Hundreds of cave crayfish (Orconectes pellucidus), as well as numerous 
surface crayfish (Cambarus bartoni), have been observed in these debris pools. On one 
particular return trip through these debris-rich pools, the depressions in the mud created 
by boots were filled with cave crayfish, apparently feeding on the newly-churned 
material. 
Perhaps the most telling evidence for the perennial richness of these debris pools 
is the surface-dwelling bullhead catfish that have been sighted at the Logsdon River well 
(Site #10). These bottom-feeders were first reported in 1979, and have been seen as 
recently as the fall of 1997. While there is no evidence that the catfish sighted from year 
to year are the same individuals, they have become a regular sight for cavers working at 
the well. 
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3.3 Sampling Procedures and Methodologies 
Samples were collected moving upstream in undisturbed water, beginning with 
the Logsdon River well (Site #10), and collected as far as hydrologic conditions in the 
conduit allowed. Under low-flow summer conditions, the near-sump in the Roppel Cave 
section has approximately 30 cm of airspace with which to pass through safely, and the 
final sample may be obtained from SI88 (Site #1). When the near-sump becomes 
impassable, often during winter conditions, the number of consecutive sampling sites is 
reduced to seven (Sites #10 through #4). 
At each of the ten sites, the following measurements or samples were taken: 
a) temperature 
b ) P H 
c) spC 
d) 500 mL water sample 
Groundwater is an electrolytic solution, as the major dissolved constituents are in 
ionic form (Davis and DeWiest, 1966). A general method for measuring total dissolved 
ionic constituents is by measuring the capability of water to conduct an electric current, 
which is expressed in terms of how much electricity will be conducted by a cubic cm. 
The reciprocal of electrical resistivity, electrical conductance, has units of siemens (S) or 
microsiemens ( j j .S) in the SI system. The conductivity, or specific conductance (spC), of 
groundwater in the Logsdon River was recorded at each site. 
The Hach Model EC 10 pH meter and Omega CDH-70 conductivity meter (later 
replaced by Cole-Parmer pH model 59002-00 and conductivity model 19815-00 meters) 
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were calibrated in standard solutions at the start of each sampling trip and carried in a 
waterproof case. At each sampling site, the probes were placed in a grab sample taken 
from undisturbed flowing water and allowed to stabilize. A 500 mL water sample was 
also taken from undisturbed water to be analyzed at a later date for dissolved species. 
The temperature of the water was recorded using probes from both meters. 
Afterward, the instruments were taken to the Water Lab at MCNP and placed together in 
ice water samples, along with a standard thermometer. The temperature readings for the 
pH meter and the conductivity meter were then plotted against the true temperature and a 
slope value calculated. When corrected for differences in the y-intercept, the temperature 
readings for both instruments were within 0.5° C. For calculations of C0 2 pressures and 
Sis, temperature values recorded with the pH meter were used. A final check for accuracy 
was made by calculating C02 pressures and Sis using temperature readings from the 
conductivity meter. These values for C02 and Sis were not significantly different from 
those made with the pH meter temperature values. Similar procedures were followed in 
the fall and winter of 1997-98, when Cole-Parmer pH and conductivity meters replaced 
the Hach and Omega instruments. 
Standard procedures for water sampling were followed (American Public Health 
Association et al., 1985). Sterile bottles were rinsed three times in the water to be 
sampled. The bottles were filled and tightly capped underwater, with all air bubbles 
removed. Great care was exercised in moving the sample bottles through the cave, to 
avoid smashing or puncturing the bottles. [The hardiness of the industry-standard water 
sample bottles supplied by the Ogden Environmental Laboratory at Western Kentucky 
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University were of great concern on the pilot trip. Afterwards, small-mouthed nalgene 
bottles were used exclusively.] Once brought to the surface, the bottles were placed in a 
cooler and kept on ice until received by the Ogden Environmental Laboratory for 
analysis. 
A mean velocity for the Logsdon River during summer conditions was calculated 
in October 1996. Flow time for fluorescein dye released at the SI88 sump (Site #1) to an 
ISCO automatic water sampler set up at Pete Strange Falls (Site #9) was 68 hours for the 
beginning of the dye curve to 138 hours at the end of the curve. The peak occurred after 
80 hours of flow time. A mean velocity of 0.03m/sec was calculated from these data. 
3.4 Water Analysis and Data Storage 
Water samples removed from the Logsdon River were analyzed for calcium, 
magnesium, and bicarbonate by the Ogden Environmental Laboratory at Western 
Kentucky University (Appendix C). Bicarbonate was measured using acid titration to pH 
4.5, following standard methods; calcium and magnesium were analyzed using atomic 
absorption spectroscopy (American Public Health Association et al., 1985). These data, 
along with other variables measured in the cave, were used to calculate the geochemical 
parameters which directly describe the calcite saturation index and the partial pressure of 
C02 . 
The process of computing PC02 values and saturation indices for water samples 
can be tedious and time consuming. Fortunately, some very useful computer programs 
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exist that are widely used for this purpose, including PCWATEQ (Truesdell and Jones, 
1974) and MINTEQ (Allison et al., 1991). 
A program written by Dr. Chris Groves, designed to calculate the PC 0 2 and Sis 
associated with various carbonate and sulfate minerals in groundwater representative of 
the Mammoth Cave karst aquifer, was used in processing the raw data in this study from 
the Logsdon River into useful derived parameters. The BASIC program "KARSTSPEC," 
calculates activity coefficients for the ionic species using the Debye-Hiickel equation 
(Stumm and Morgan, 1981). Following a progression of query/input lines, it makes the 
appropriate temperature corrections and includes an iterative speciation code that 
calculates and accounts for the mass of the ion pairs CaHCCV , CaC03 , MgHC0 3 , and 
MgC03° . A copy of the query/input lines and a sample output is included in Appendix B. 
PC 0 2 of a given water sample is calculated from measurements of bicarbonate, pH, 
and temperature. It is not an actual measurement of the amount of C 0 2 in the air where 
the water sample was taken, but rather, a theoretical partial pressure of an hypothetical 
gas phase in equilibrium with the sample. It is calculated using the equation 
(,aW){ctHCO{) 
where alt is the hydrogen activity, alICO] is the bicarbonate activity, and K[-j, Kj are 
temperature-dependent equilibrium constants associated with the reactions (Garrels and 
Christ, 1965). See White (1988) Chapter 5 for an in-depth discussion. 
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It is often useful to compare the PC 0 2 of a given water sample with the PC 0 2 found 
in the earth's atmosphere, to convey a relative measure of how much of the gas is present. 
This comparison was done for the PC02 values in the Logsdon River by dividing the 
sample P c 0 2 value by a nominal value of 350 ppm, or 0.00035, which is the PC 0 2 of the 
atmosphere. In this manner, it could be stated that the water sample, for example, had 10 
times the PC02 of the atmosphere. 
Karst waters are almost never in equilibrium with the minerals calcite and 
dolomite; in most cases, the water is either undersaturated with respect to the mineral(s), 
or oversaturated. Undersaturated waters are capable of dissolving the mineral(s), while 
oversaturated waters may precipitate secondary deposits. 
A useful way of quantitatively describing the ability of groundwater to dissolve or 
precipitate calcite is to calculate a saturation index (SI), which reflects how far away from 
chemical equilibrium the solution is with respect to calcite. It is defined as the ratio 
between the ion activity product (IAP) for the product of the dissociated species (in the 
case of calcite, calcium and carbonate; for dolomite, calcium, magnesium, and carbonate) 
over the solubility product constant for the mineral at a given temperature. The ratio 
follows the equation 
£ 
SICal= tog-jT1" 
where K f a p is the IAP for (KCa2+ ) (KC032~), and KSp is the solubility product constant 
for calcite (White, 1988). 
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If the water sample is exactly at equilibrium with calcite, the SI value is 
necessarily zero. Negative SI values reflect water undersaturated with respect to calcite, 
meaning dissolution is predicted. Positive SI values indicate that water is oversaturated 
with respect to calcite, and precipitation is possible. Values of the indices are logarithmic. 
There are other details that will affect the dissolution or precipitation of calcite, such as 
temperature, turbidity, competing ions, surface characteristics of the substrate; but in 
general, the SI is a very useful way of examining and predicting the interaction between 
karst waters and the surrounding bedrock. 
All data were stored and manipulated graphically using Jandel Sigmaplot 
software. Line plots of the changes in the geochemistry over distance were made, with 
distance from the upstream SI88 sump used as the independent (x) variable. 
3.5 Results 
Two sampling trips were made during summer conditions in the aquifer, on 
October 12, 1996 and again on September 20, 1997. Stage height at the Logsdon River 
well had remained steady at 40 cm for both trips, with no rain event recorded in the ten 
days preceding the trips. Conductivity values ranged from 337 (J.S to 436 (J.S in October 
1996, and from 351 |o.S to 400 |aS in September 1997, falling within the typical summer 
range for base flow in the Logsdon River established by continuous monitoring at the 
Logsdon River well (Groves and Meiman, 1996b). 
The first winter sampling trip was conducted on February 22, 1997. In contrast to 
the summer trips, the water was higher in stage at 70 cm, raising the water level in the 
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cave to the ceiling at Site #2, the Roppel swim (Figure 11). This situation necessitated an 
unexpected turn-around back to the Doyel Valley Entrance, a total in-cave distance of 
nearly 15 km. In addition to the loss of two sampling sites upstream, the pH meter 
appeared to have malfunctioned. Since pH is an important parameter in the calculation of 
PC 0 2 and SI, those calculations were not possible for the February 1997 sampling trip. 
Analyses of dissolved solids were the only useful measurements collected from this trip. 
The second winter sampling trip, conducted on January 30, 1998, encountered 
similar hydrologic conditions in the Logsdon River. The stage was 69 cm, and the 
sampling was stopped at the former sump, Site #4 (Figure 11). One additional sample 
was retrieved from the U-tube infeeder downstream from Ferguson (site #7), to compare 
the chemistry of recharge from the Mammoth Cave Plateau with that of the Logsdon 
River. 
3.5.1 PCQ2 and SIcal 
PC 0 2 , SIca|, and SIdol values for three sampling trips are listed in Table 1. 
Relatively high C0 2 pressures (as much as 35 times that of atmospheric C0 2 pressure) 
were present at the S188 sump (Site #1) in October 1996. This high amount of C0 2 at the 
beginning of the conduit is a reflection of summer, or low-flow conditions, when 
biological activities on the surface and in the soils are relatively high. These high C0 2 
pressures create an undersaturated water with respect to calcite at Site #1. The 
corresponding calculation for the calcite saturation index (-0.7) at Site #1 predicts that 
dissolution of the bedrock will occur. 
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Table 1. PC 0 2 , SIca i , and SId0], Logsdon River Sampling Trips 1996-98. 
10-96 09-97 01-98 10-96 9-97 01-98 10-96 09-97 01-98 
# Name Pc02 Pco2 Pc02 SIcal SIcal SIcal SIdol SIdol SIdol 
1 S188 34.02 -0.699 -2.046 
2 Roppel swim 23.41 -0.4860 -1.637 
3 S239 19.10 -0.414 -1.484 
4 former sump 15.74 10.08 6.97 -0.3380 -0.289 -0.265 -1.333 -1.137 -1.530 
5 X-survey 7.70 8.34 5.40 -0.0016 -0.133 -0.164 -0.672 -1.080 -1.330 
6 Fritch Ave. 5.22 5.25 4.85 0.144 -0.001 -0.085 -0.415 -0.750 -1.190 
7 Ferguson 4.20 5.02 3.14 0.161 -0.011 0.019 -0.408 -0.994 -0.960 
8 Morrison 4.14 5.34 3.37 0.157 -0.130 -0.094 -0.464 -1.000 -1.180 
9 P.S. Falls 5.57 4.51 4.31 -0.062 -0.025 -0.185 -0.937 -0.810 -1.350 
10 L.R. well 9.05 4.20 5.71 -0.292 -0.029 -0.353 -1.222 -0.770 -1.700 
As the water moves through the conduit during low-flow, C0 2 is outgassed into 
the cave atmosphere in such quantities (Figure 12) that the SIcal shifts from, the 
undersaturated to the saturated state (Figure 13). At this point, and at these locations in 
the conduit, the Logsdon River is not capable of dissolving limestone. Instead, conditions 
favor the precipitation of calcite into secondary calcite formations, such as rimstone 
dams. 
The September 1997 sampling trip found a similar situation with the Pco2> 
although values were much lower than the previous year. At Site #7, the farthest upstream 
site, C0 2 pressures were ten times greater than atmospheric C0 2 pressure, creating a 
relatively undersaturated water with a corresponding SIcal of -0.3. Again, outgassing of 
the C0 2 occurs rapidly, driving the SIca! from undersaturated to near equilibrium. 
For the October 1996 summer sampling trip, saturated conditions did not remain 
constant. At approximately 5000 m from the beginning of the conduit, or roughly half-
way through the flow path, C0 2 levels in the water began to increase, driving the 
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Figure 13. Evolution of SIcal in the Logsdon River during summer conditions. 
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groundwater chemistry back towards the undersaturated state with respect to calcite. The 
saturation index values of -0.2 to -0.3 represent about the degree of undersaturation at 
which the dissolution of calcite slows down considerably (Hess and White, 1993). These 
values also mirror the conditions found at the regional springs, although the water in the 
Logsdon River still has far to traverse before reaching Turnhole Spring. 
For the September 1997 summer sampling trip, the water remained near 
equilibrium from Site #6 to Site #10. 
Overall, P C 0 2 values in the Logsdon River during winter conditions (Figure 14 ) 
are much lower vs those recorded during summer months, which is consistent with the 
expected seasonal changes in the soil and vegetative cover (Hess and White, 1993). 
During the January 1998 winter sampling trip, P C 0 2 values were highest (more than 7 
times that of atmospheric C02) at Site #7, the farthest upstream sampling site. The 
corresponding calculation for SIcaI is negative (Figure 15), suggesting that dissolution will 
take place between the groundwater and the bedrock. As the water moves through the 
conduit, C0 2 is outgassed into the cave atmosphere in such quantities as to raise the SIcal 
to the positive, or oversaturated, state. 
The oversaturated state of groundwater in the Logsdon River during this winter 
sampling trip did not remain constant; again, roughly half-way through the flow path, the 
C0 2 levels in the water began to increase, driving the chemistry back to the 
undersaturated state with respect to calcite. The saturation index values of -0.02 to -0.03 
represent a sluggish dissolution rate for calcite, but they do agree with values found at 
Owl Cave in the Turnhole Spring basin (Hess, 1974). 
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Figure 15. Evolution of SIcal in the Logsdon River during winter conditions. 
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Although the magnitude of PC02 and SIcal values are lower across the board 
during winter conditions when compared to summer conditions, the trend in the evolution 
of the groundwater is similar. Figures 12 and 14 show the highest P c 0 2 values at the 
beginning of the Logsdon River decreasing in value over the first 3 to 4 km of distance 
through the conduit and increasing in value after 5 km of transport. Figures 13 and 15 
show the corresponding SIca) moving from undersaturated to oversaturated conditions 
with a reversal in trend back to undersaturated conditions at the end of the Logsdon 
River. 
The water from a tributary, or infeeder, was analyzed as part of the January 1998 
sampling trip, in order to examine the differences between PC 0 2 in the Logsdon River 
and the tributaries that join it. These tributaries originate on the Mammoth Cave Plateau 
and are intermittent streams during the year. The analyzed infeeder, coming in at Site #7, 
was found to have a SIca| of -0.07 with a corresponding PCG2 of 1.2 x 10 atm. The next 
site downstream of this infeeder, Morrison (Site #8), had a SIcal of -0.09 with a 
corresponding PC02 of 1.1 x.10"3 atm. 
3.5.2 Dissolved Solids 
As the water moves through the aquifer, there is a declining trend in spC, or in 
2+ 2+ 
total dissolved species, as well as in the individual ionic concentrations of Ca , Mg , 
and HC0 3 (Figures 16 through 19). This decline occurred under both summer and winter 
conditions, although the magnitude of values for dissolved ionic components were 
generally lower during winter trips. 
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Figure 19. Seasonal variations in the evolution of HC0 3 in the Logsdon River. 
Samples from the February 1997 trip were also analyzed for chloride (CF) as a 
possible measure of dilution. As CF does not participate in dissolution/precipitation 
reactions in low concentrations, the manner in which CF would be altered in transport 
would be by dilution. However, the CF concentrations did not exceed 1.0 mg/L for any 
sample, thus its usefulness as a conservative tracer was diminished. 
3.5.3 Magnesium and the Saturation State of Dolomite 
The saturation indices for the mineral dolomite (SIdol) were calculated from 
samples retrieved during Logsdon River trips (Table 1). When plotted against the SIcal for 
the same samples, there is a straight-line relationship between the two, suggesting that it 
is a direct one (Figure 20). For all samples, the SIdol was negative, or undersaturated. The 
higher degree of undersaturation of dolomite vs calcite is consistent with other 
geochemical studies completed in the Mammoth Cave karst aquifer (Thrailkill, 1972; 
Hess and White, 1993). These values simply mean that the water is capable of dissolving 
dolomite, should it interact with a dolomitic unit. 
Two prominent dolomite beds are found in the Mississippian carbonate sequence 
containing the Mammoth Cave karst aquifer: one in the lower half of the Ste. Genevieve, 
and one in the top half of the St. Louis (Palmer, 1981). Neither is more than 5 m thick. 
Prolonged contact between groundwater and dolomite is unlikely, suggesting that 
2+ limesone is the most likely source of Mg in the Logsdon River. 
-4 -3 
SI 
Figure 20. SIcal vs SId0, in the Logsdon River. 
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3.6 Discussion 
Relatively high PC 0 2 values are found at Site #1, the closest sampling site to the 
Sinkhole Plain recharge area. These high values create an undersaturated water with 
respect to calcite. This undersaturated water moves very slowly (0.03m/sec) through the 
first 3000 meters of the Logsdon River conduit, where the Lost River Chert member of 
the St. Louis Limestone serves as an aquiclude. The sluggish nature of the upper Logsdon 
River allows for the outgassing of C0 2 into the cave atmosphere, moving the 
groundwater chemistry from undersaturated to oversaturated conditions with respect to 
calcite. 
With the breaching of the Lost River Chert and the subsequent rapid downcutting 
of the limestone below, the gradient of the Logsdon River increases at Site #7 in the 
Morrison Cave section. The combination of more rapidly moving water and oversaturated 
conditions allows for the precipitation of calcite in the form of travertine, or rimstone 
formations. 
At a point in the Logsdon River approximately 5000 meters from the upstream 
SI 88 sump, PC02 begins to increase, renewing the aggressiveness of the groundwater. 
Sources for additional C0 2 at this point in the Logsdon River conduit conceivably 
include incoming tributaries, in-cave organic decay, or some combination thereof. 
Mixing of waters with different chemical signatures produces overall chemical 
changes (Wigley and Plummer, 1976; Palmer et. al., 1977; Palmer, 1991). If tributaries 
entering the Logdson River have large enough discrepancies in PCo2> they may be able to 
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renew the aggressiveness of the Logsdon River. This situation does not appear to be the 
case, for several reasons. 
First, the evolution of the Logsdon River geochemistry proceeds smoothly past 
the tributary sites, as seen in the data for both summer and winter conditions. Second, the 
addition of C0 2 occurs along a specific reach of the conduit, not several discrete 
locations, as would be expected for more than one input. Third, when one tributary was 
analyzed during winter conditions for SIcal and PCo2> the results were not unlike those of 
the Logsdon River at sites both upstream and downstream of the infeeder. 
These tributaries originate on the clastic caprock of the Mammoth Cave Plateau 
and enter the Logsdon River conduit via vertical shafts and canyons at the plateau 
margins. The Mammoth Cave Plateau recharge is lower in hardness and PC 0 2 than the 
Sinkhole Plain recharge (Hess, 1974). Although the basins that collect the water delivered 
to the Logsdon River by these tributaries are very different from the Sinkhole Plain 
catchment, the water collected from these basins is not transported through a nearly-
closed environment necessary for the production of groundwater with little dissolved 
carbonate and a low C0 2 equilibrium. It is this type of chemical signature that would be 
necessary to create renewed undersaturation when mixed with the Logsdon River 
(Palmer, 1991). 
In-cave organic decay may be another source for the addition of C02 , but can be 
pinpointed with a higher degree of accuracy in the winter. During winter conditions, any 
addition of C0 2 in the water is likely to be from a source other than the biologically-
inactive soils above, such as an in-cave source. In fact, the winter sampling trips did yield 
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increases in C0 2 in these sections of the conduit. Close examination of the physical 
conditions of this section of the Logsdon River conduit indicates that the likely sources of 
additional C0 2 are the deep, slow-moving debris pools that are once again perched on a 
bedded chert member of the St. Louis Limestone. 
While the C0 2 pressures in winter overall were much less than those found in 
summer, the trend in the evolution was similar. The highest PC02 values were found 
closest to the Sinkhole Plain recharge, followed by rapid outgassing into the cave 
atmosphere, and increases in PC02 after Site #5. 
The general decline in dissolved calcium, magnesium, and bicarbonate ions is 
interpreted to be not only a result of dilution by diffuse flow through the bedrock (Hess 
and White, 1993) and from the three known open-flow tributaries to the Logsdon River 
but also by precipitation of calcite over a large portion of the flow path. Examination of 
the hydrogeology has also shown that the Logsdon River flows for several thousand 
meters over chert rather than limestone. As water is transported over chert, no additional 
Ca , Mg , and HC03" is picked up by dissolution. 
Chapter 4 
GEOCHEMISTRY AT THE LOGSDON RIVER MONITORING WELL 
4.1 Introduction 
Since the 1992 installation of a Campbell Scientific Model CR10 datalogger, 
thousands of measurements of temperature and conductivity have been gathered at the 
Logsdon River well by continuous monitoring, with hundreds of water samples pumped 
directly to the surface for analysis (Meiman, et al., 1995; Groves and Meiman, 1995b; 
1996b; Hall, 1996). These data present the most complete picture of chemical conditions 
in the Mammoth Cave karst aquifer at a single location. 
2+ 2+ 
The water in the aquifer contains Ca , Mg , and HC0 3 , with minor amounts of 
Na+, CI", and S042" (Thrailkill, 1968, 1972; Hess, 1974; Thrailkill and Robl, 1981; 
WQMP Appendix D). By analyzing hundreds of water samples from the Logsdon River 
well from 1992-95, linear relationships were found between specific conductance (spC), 
recorded every two minutes by the CR10 datalogger, and each of the major dissolved 
carbonate constituents: calcium, magnesium, and bicarbonate alkalinity (Groves and 
Meiman, 1995b). These equations allow for the close estimation of dissolved species 
based on the continuous spC record at the well, without actual water analysis (Table 2). 
A nonlinear relationship between spC and pH was also indicated. 
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Table 2. Regression equations estimating dissolved species from spC measurements. 
species n_'i'ivs,i<Mi eiju.ilion l l l l l l l l r 95" n CI 
Ca- Ca = (spC * 0.197)-9.091 58 0.94 ±5 .0 mg/L 
Mg = (spC*6.024) - 1.269 8 0.88 ±2.3 mg/L 
HCO3" HC0 3 = (spC * 0.421) + 14.467 103 0.94 ± 11.3 mg/L 
H^ H = (spCJ * -2.785xlO"°)+(spCz * 
3.33xl0"12)+(spC*-1.359xl0"9) + 
(1.944x10-7) 
66 0.99 ±0.05 pH at 
pH=7.5 
The complex nature of the relationship between pH and spC at the Logsdon River 
well became the focus of an investigation in 1996 (Groves and Meiman, 1996a). Data 
from water samples collected between 1994 and 1996 were divided into two seasonal 
regimes using soil temperature as a reference. The need to divide the pH data into 
seasonal regimes was based on observations of seasonal variations in carbon dioxide 
partial pressures at local and regional springs in the Mammoth Cave aquifer (Hess, 1974). 
When hydrogen ion activity (aH+) was plotted as a nonlinear regression against 
spC, two regression equations described the relationship between spC and aH+. Data 
representing summer conditions were highly correlated in a nonlinear regression equation 
(Table 2). Those representing winter conditions were not as highly correlated and 
represented a wider range of pH values. A two-equation provisional model, based on a 
seasonal reference, was proposed to describe the relationship between spC and aH+ at the 
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Logsdon River well. In order to test this model, additional data were collected for this 
thesis during the 1997-98 transition from summer to winter. Seventy samples were 
pumped to the surface over a wide range of hydrologic conditions, and the pH and spC 
measured. 
The nature of the transition between summer and winter conditions in the aquifer 
was also subject to closer inspection. A more refined definition of what constitutes 
"summer" and "winter" conditions was needed in order to support the seasonality of the 
provisional model. Hydrologically, winter conditions in the aquifer reflect a higher 
average stage height and include more frequent rises in stage due to overall increase in 
rain events. Decreases in spC values are directly related to increases in stage (Groves and 
Meiman, 1995b). Rain events, more closely spaced in winter, do not allow the spC 
chemograph to revert to its higher, pre-event asymptote; thus, spC values become 
progressively lower and remain low during winter conditions as compared to those of 
summer (Meiman, 1989). Significant decreases in surface evapotranspiration also occur 
in winter. 
For this thesis, the transition from summer to winter was based on the spC 
chemograph recorded by the CR10 datalogger. The November 30, 1997 (Julian Date 334) 
rainfall was the first recorded event during which the water did not return to its pre-event 
spC value (Figure 21). Therefore, this date was used to separate the data into summer and 
winter points. These seasonal points were then analyzed using regression analysis and the 
results compared with the two-equation provisional model. 
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Figure 21. Logsdon River well spC chemograph for 1997-98 seasonal transition. 
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4.2 Data 
Geochemical data from the Logsdon River well used in this thesis came from four 
sources: the National Park Service Water Quality Monitoring Project (WQMP), covering 
the years 1996-98; studies by Meiman, Hall, and Groves during rain events covering the 
period between 1994-96 (Meiman and Hall, 1995; Hall, 1996); sampling trips conducted 
in the Logsdon River for this thesis during 1996-98; and sampling at the well for this 
thesis during the fall and winter of 1997-98. 
4.2.1 Water Quality Monitoring Project (WQMP) 
The most detailed water analyses of the Logsdon River are made monthly as part 
of the National Park Service Water Quality Monitoring Project (WQMP). WQMP is a 
long-term project designed in part to examine the impact of the Caveland Sanitation 
facility on water quality within the Park. This facility was completed in 1991. For the 
WQMP, springs along 24 miles of the Green River are sampled monthly for dissolved 
solids, fecal coliform counts, and pesticides. The Logsdon River well, as part of the 
Turnhole Spring basin, is one of the sites selected for complete water-quality analysis. 
Monthly pH and spC measurements from October 1996 through January 1998 were used 
in this thesis, and can be found in Appendix D. 
4.2.2 Geochemical Studies by Meiman, Hall, and Groves 
A second source of data, collected between 1994 and 1996, came from 
geochemical and hydrologic studies at both Hawkins and Logsdon River (Groves and 
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Meiman, 1995a,b; 1996a,b; Hall, 1996). These data cover a wide range of parameters, 
including alkalinity and coliform bacteria counts. Conductivity and pH were also 
recorded for each sample. Data points generated by plotting spC vs. aH+ in these early 
studies were the most varied, and included the majority of outlying points when 
regression analysis was used to examine the data. These data are included in Appendix E. 
4.2.3 Sampling Trips in the Logsdon River 
A third source of data from the Logsdon River well came from the seasonal 
sampling trips in the Logsdon River from 1996 to 1998, initiated for this thesis. The 
Logsdon River well was Site #10 in the study of the geochemical evolution of the entire 
Logsdon River conduit. The pH and spC data from these sampling trips are found in 
Appendix C, under Site #10. 
4.2.4 Sampling During the Summer-Winter Transition, 1997-98 
A final source of data came from frequent sampling between September 1997 and 
January 1998, and from around-the-clock sampling immediately following the January 6, 
1998 storm event. During the late summer and fall, the pH and spC were measured every 
two to three days. Based on the spC chemograph recorded by the CR10 datalogger, storm 
events after November 30, 1997 initiated around-the-clock sampling procedures. The 
greatest range in spC values was recorded during the January 6, 1998 storm event (Figure 
22). The data gathered at the Logsdon River well during the 1997-98 summer-winter 
transition period are included in Appendix F. 
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Figure 22. Logsdon River well spC chemograph of January 1998 storm event. 
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4.3 Sampling Procedures and Methodologies 
Water samples were measured and analyzed at the Logsdon River well using 
standard water sampling methods as described in Chapter 3. Analysis of karst waters for 
determining the PCG2 and the saturation state of calcite requires that temperature and pH 
be measured on site, while analysis of dissolved ions may be completed at a later time in 
a more appropriate laboratory setting. 
The most sensitive field measurement is the pH value. The pH meter is more 
responsive to ambient conditions compared with other instruments, such as conductivity 
or dissolved oxygen meters (Corning, 1997). Even the best pH meters adjusted for both 
slope and intercept by standardizing (calibrating) with two reference buffers may drift 
when used in caves (White, 1988). They are very sensitive to moisture on the wiring and 
plugs and to dirt or other foreign objects sticking to the glass electrode. Differences in 
temperatures between the sample, the buffer solutions, and the glass electrode will also 
create error in pH measurement (Bates, 1964). Because pH is the negative logarithm of 
the activity of hydrogen ions, equations used to calculate the saturation state of calcite 
and the carbon dioxide partial pressure of a water sample are most sensitive to variations 
in the pH value, as opposed to variations in temperature or dissolved ions such as 
bicarbonate. For further discussion of pH measurement problems, see White, 1988. 
During the first winter flood event of January 1998 (Julian Date 6-8), comparisons 
were made between two Cole-Parmer 59002-00 pH meters and two different sampling 
procedures in an effort to determine the most accurate method for measuring pH at the 
Logsdon River well. A small bottle, normally used for storing glass probes in electrolytic 
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solutions, was filled with the water sample. The glass probe was inserted and the bottle 
immediately sealed. An open quart container was filled at the same time, and the glass 
probe from the second meter was placed in the water sample. The purpose of measuring a 
sealed container vs. an open container was to determine if outgassing would create 
significant variations in the pH measurement of the water sample. The first "ready" 
reading for each meter was recorded, and a reading was made every minute thereafter 
until five minutes of continuous readings were established. The probes were then 
removed, rinsed in distilled water, and switched to the other container. The recording 
process was repeated for both sealed bottle and open container. To cover a wider range of 
chemical conditions, the procedures were applied to samples taken from both the 
Logsdon River well and the Hawkins River well during the same rain event. 
Analysis of the actual differences in pH values (final minus initial reading) from 
the two meters and the two methods revealed no significant difference in either the meters 
or the methods, with a standard error of 0.01 or less. However, when regression analyses 
between spC and pH were applied, the linear equation with the highest r value was from 
data describing the probe placed in the sealed bottle and allowed to stabilize for a 
minimum of five minutes (Figure 23). 
Conductivity measurements taken at the well for this study (Appendix F) between 
September 3, 1997 and January 30, 1998 using the Cole-Parmer 19815-00 meter were 
replaced by corrected spC values using a regression equation generated by plotting the 
field measurements against the continuous measurements recorded by the CR10 
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Figure 23. spC vs aH+ during January 1998 storm event (Hawkins River). 
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datalogger (Figure 24). The spC values recorded by the CR10 for 1997 and 1998 were 
corrected using a first-order regression equation: 
spC (corrected) = (spC (CR10)*1.38) - 48.89 
The corrected spC values for the exact time of day during which the pH was 
measured at the Logsdon River well replaced the original field spC measurement for all 
spC vs. aH+ analyses. 
CR10SPC 
Figure 24. Cole-Parmer spC values as a function of CR10 datalogger. 
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4.4 Results 
4.4.1 Hydrogen Ion Activity vs. spC in the Logsdon River 
Data collected at the Logsdon River well from August 1997 through January 
1998, and including data from the Logsdon River sampling trips, were separated into 
summer and winter data points and plotted. The data points identified as representative of 
summer conditions in the aquifer are shown in Figure 25. They are clustered within an 
spC range of 280 (J.S to 375 |IS, and fall within the 95% confidence interval for prediction 
of aH+ based on spC using a second-order regression. These data were collected in the 
late summer and fall when rain events did not cause a rise in stage of the Logsdon River 
and had little impact on the water chemistry. 
The data points identified as those representative of winter conditions in the 
aquifer are also shown in Figure 25. They are clustered within an spC range of 160 J_IS to 
290 |J.S and fall within the 95% confidence interval for prediction of aH+ based on spC 
using a second-order regression. There are more data points for winter conditions than 
summer conditions due to the fact that the frequency of sampling increased to around-the-
clock sampling when rain events impacted the chemistry in the Logsdon River, as it did 
for the period between January 6-8, 1998. 
Data from the WQMP study covering the period from October 1996 through 
February 1998 were separated by calendar date and are shown in Figure 26. The seasonal 
differences in spC values are shown, with the summer spC values greater than 300 jaS 
and the winter spC values below 300 jaS. There is more variance about the regression line 
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Figure 25. spC vs aH+ at Logsdon River well, summer and winter 1997-98. 
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Figure 26. spC vs aH+ at Logsdon River well, WQMP data 1996-98. 
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that describes these data, as compared with the 1997-1998 data. spC values from the 
WQMP study were not corrected as described in section 4.3, sampling procedures and 
methodologies. 
4.4.2 Hydrogen Ion Activity vs. spC in the Hawkins River 
Several hundred meters downstream of the Logsdon River monitoring well is its 
confluence with the larger Hawkins River (Chapter 2, section 2.5.4). Two wells were 
drilled into the Hawkins River at the same time as the wells in the Logsdon River, for the 
same purposes (Chapter 2, section 2.6.2). A Campbell Scientific CR10 datalogger on the 
surface continuously records the temperature, spC, stage, and velocity of the Hawkins 
River. Water samples can be pumped directly to the surface using the same generator that 
powers the pump for the Logsdon River. Whenever possible, both wells are sampled 
simultaneously. 
The Hawkins River is also a sample site for the WQMP. Data are available for the 
Hawkins River geochemistry, which correspond to the same time and date as those for 
the Logsdon River (Appendix D). 
Between August 1997 and January 1998, the Hawkins River was measured for pH 
and spC, to ascertain the relationship between spC and aH+ in a portion of the aquifer that 
is chemically different from the Logsdon River (Groves and Meiman, 1995b). When aH+ 
was plotted as a function of spC, a similar nonlinear relationship was observed (Figure 
27). The aH+ values fell within a 95% confidence interval using a second-order regression 
equation. 
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Figure 27. spC vs aH+ at Hawkins River well, summer and winter 1997-98. 
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4.5 Discussion 
4.5.1 Transition Between Summer and Winter Conditions 1997-98 
Hydrochemical studies of the Mill Hole sub-basin and the Logsdon and Hawkins 
Rivers have shown that following a rain event, the spC values decline sharply with a 
corresponding rise in stage (Meiman, 1989; Groves and Meiman, 1995b). Afterwards, 
when the flood pulse has passed and the water is receding, spC values will rise to their 
pre-event values. This phenomenon is observed during the summer because there is more 
time between rain events, enabling spC to increase to the higher values typical of low-
flow conditions. If another storm event occurs before these values are reached, the spC 
values will remain depressed, which is observable during winter conditions when 
frequent rain events occur. 
In November 1997, the Mammoth Cave area began to receive frequent, small rain 
events after an unseasonably dry fall. These rainfalls did not result in rises in stage at the 
Logsdon and Hawkins River wells, but instead were probably lost to evapotranspiration 
and stored in the soil and in the epikarst (Meiman, 1989). The first storm event of the 
season to be recorded as a response in the aquifer occurred on November 30, 1997 
(Figure 22). Turbid water samples were subsequently collected on December 1, 1997. 
spC values prior to this storm event had averaged 330 jaS but fell more than 100 |j.S 
during this two-day event. The values for spC remained in the low 200s for the remainder 
of the study period in December 1997 and January 1998. 
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4.5.2 Using spC to Estimate Hydrogen Ion Activity 
The relationship between hydrogen ion activity and water spC as measured 
continuously by the CR10 datalogger at the Logsdon River well is of great importance in 
closely estimating the PC02 and the saturation state of calcite at that exact cross-sectional 
area of the conduit. Linear relationships have been established between spC and calcium, 
magnesium, and bicarbonate ions. The relationship between spC and aH+ is nonlinear, 
and therefore a more complex one. 
Data were collected between September 1997 and January 1998 and compared 
with a provisional model based on seasonal differences in soil temperature. When these 
new data were incorporated into the provisional model, they did not support the two-
equation seasonality of the model. Instead, they more closely resembled that of a single 
nonlinear regression equation, even though data were collected during seasonal extremes. 
There may be some seasonality, however, in this single nonlinear equation. The slope of 
the line generated by the summer data is not as steep as the portion of the line generated 
by winter data, indicating that some sort of seasonal component may be responsible. The 
difference in slope may represent two distinct seasonal regimes, where pH is more 
responsive to changes in spC during winter conditions. It is interesting to note that the 
slope of the winter equation in the provisional model was also steeper than the slope of 
the summer equation in the same model. The seasonal component is therefore not 
altogether discarded. 
Data collected during this discrete time period are somewhat limited by the failure 
to observe a wide range of conductivity values for summer conditions, as there were no 
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storm events that noticeably changed the spC values during this period of time. More data 
must be collected, especially during summer and winter storm events, in order to 
determine if the relationship between aH+ and spC is best described by a single nonlinear 
regression equation. If that is true, then spC can be used to predict the hydrogen ion 
activity of a given water sample at the Logsdon River well. 
Chapter 5 
CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK 
5.1 Conclusions 
The Mammoth Cave area has long been recognized as an outstanding example of 
a maturely-karsted carbonate aquifer through which most of the groundwater moves by 
way of conduits. Prior to the 1980s, the locations and indeed the very existence of these 
conduits were predicted, based on hundreds of dye traces used to delineate individual 
groundwater basins. Studies of the geochemical evolution of groundwater through the 
basins were limited to the sinking creeks on the Sinkhole Plain recharge area, karst 
windows on the Mammoth Cave Plateau, and discharge springs between 20-25 km away 
on the Green River. 
In these early studies, several parameters were measured, including temperature, 
pH, and hardness; the most important components were the saturation state of calcite, the 
primary mineral in limestone, and its chemical control, Pco2- Waters entering the aquifer 
at the recharge points were found to be high in dissolved C 0 2 , which produced 
groundwater that was undersaturated with respect to calcite and capable of forming new 
cave. After passing through the aquifer, the water lost most of its C0 2 , but was still 
slightly undersaturated with respect to calcite when discharged at the springs. Seasonal 
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changes in the C0 2 pressures coincided with the availability of C0 2 from the soils, which 
is a function of temperature and growing season. Decreases in hardness were attributed to 
dilution. 
From these studies, the geochemical model evolved of one in which the water 
would enter the aquifer highly undersaturated with respect to calcite. The water would 
then pass quickly through the limestone by way of conduits, enlarging them in the 
process, and be discharged at Turnhole Spring. At that point, the water would be slightly 
undersaturated with respect to calcite, and the dissolution of limestone fairly sluggish. 
Although the data from these single locations provided the framework for our current 
understanding of the overall geochemistry of the aquifer, distances between locations left 
much of the evolution to be inferred. Likewise, the chemical data collected twice a month 
from discrete locations within the Turnhole Spring basin could not provide the detail 
revealed by continuous monitoring of geochemical conditions. 
The discovery and exploration between 1979-83 of nearly 10 km of base-level 
conduit within the Turnhole Spring basin increased the spatial resolution of the 
geochemical evolution by filling in nearly one-half of the "gap" between recharge sources 
and Turnhole Spring. Likewise, the installation of continuous high-resolution dataloggers 
into the Turnhole Spring basin provided a database of thousands of measurements from 
which to examine small-scale, large-scale, and seasonal changes in the hydrology and 
geochemistry of the groundwater. 
Examination of the geochemical data collected over the 10-km length of the 
Logsdon River revealed a picture of groundwater evolution in this base-level conduit 
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different from the one inferred from prior studies of the Turnhole Spring basin. 
Evaluation of the saturation state of calcite and its control, the P( 0 2 , revealed that during 
the summer season, when biological activities in the recharge soils are at their peak, water 
enters the upstream Logsdon River with 34 times the PC02 of the atmosphere. As the 
water moves through the conduit, C0 2 is outgassed into the cave atmosphere. Roughly 
5000 m downstream, or half-way through the flow path, the C0 2 pressures increase. 
These changes in PC02 are reflected in SIeaI. When the PC02 is greatest, the index is 
negative, indicating dissolution of calcite. As the PC 0 2 drops, the SI moves to the positive, 
or oversaturated state with respect to calcite. With the increases in Pco2> the groundwater 
becomes once more undersaturated with respect to calcite. What this process 
demonstrates is that dissolution in the Logsdon River conduit is neither continuous nor 
congruent. Instead, there are locations in the conduit where precipitation of calcite is 
possible. 
A general decline in dissolved ions, including calcium, magnesium, and 
bicarbonate, occurred over the distance through the Logsdon River conduit. This decline 
reflects a general diluting of the water in the Logsdon River by diffuse flow in the aquifer 
and localized inputs from the Mammoth Cave Plateau. Also, the movement of water over 
the two bedded chert members results in less contact with the limestone, and thus less 
HC0 3 , etc., in solution. The precipitation of calcite in the form of travertine also 
contributes to the net loss of ions in transport. 
During winter conditions, lower values were found for both PCQ2 and for all 
dissolved ions. However, the trend in the evolution was similar to that of summer. A 
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general decline in all dissolved ions occurred over the distance through the conduit. The 
highest PC 0 2 values were found at the farthest upstream sites, with the values decreasing 
during transport due to outgassing. In a similar fashion, there is an increase in PC 0 2 
roughly half-way through the flow path of the river. 
The most likely explanations for the behavior of PC 0 2 evolution in the Logsdon 
River are the hydrogeologic conditions found along the 10 km route. In the Roppel Cave 
section, the Logsdon River flows very slowly for nearly 3 km, perched on top of the Lost 
River Chert member of the St. Louis Limestone. This bedded chert acts as a confining 
layer, holding the river to the same elevation for thousands of meters and creating a low-
gradient stream that allows the C0 2 to be outgassed into the cave atmosphere. 
It is only after the Lost River Chert is breached, somewhere in the breakdown area 
of the conduit that separates the Roppel Cave section from the Morrison Cave section, 
that the water quickly downcuts into limestone, increasing the gradient of the stream. At 
this point in the transport, enough C0 2 has been lost to produce oversaturated water with 
respect to calcite. The combination of fast-moving, oversaturated water allows for the 
precipitation of calcite to occur in the section of the cave between the former sump in 
Morrison Cave and the Ferguson Cave infeeder. Indeed, for more than 2 km, everything 
below the water surface in the conduit is coated with calcite precipitate. Rimstone dams 
crisscross the floor, with water flowing rapidly over them. 
Roughly halfway through the flow path in the Logsdon River, the river once again 
downcuts onto a confining layer; this time it is the Corydon Chert member of the St. 
Louis Limestone. The gradient of the river decreases, and deep pools form. The first of 
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several side streams, or infeeders, intersect the conduit from the Mammoth Cave Plateau 
above. These infeeders are active only during summer thunderstorms and in winter 
months, when rain events are more frequent. Examination of the PC 0 2 , SIcal, and 
dissolved ions of one active infeeder during winter, when C0 2 contribution from soils is 
greatly reduced, revealed C0 2 levels not unlike those found in the Logsdon River just 
upstream of the infeeder. The additional source of C0 2 , in both summer and winter 
months, must come from a source other than the tributaries. 
The most likely source of additional C0 2 in the downstream section of the 
Logsdon River is the organic debris, washed into the conduit by the infeeders during 
summer storms. This debris accumulates in the deep pools perched on the Corydon Chert, 
where in-cave organic decay can occur year-round. Hundreds of cave crayfish, cave 
shrimp, and even surface catfish live in these pools. The additional C0 2 drives the water 
back to the undersaturated state with respect to calcite. 
The seasonal nature of the transport of C0 2 through the Logsdon River was also 
investigated in a more intensive manner at one location in the conduit. The Logsdon 
River well, located near its downstream confluence with the Hawkins River, is the site of 
continuous monitoring of stage, velocity, temperature, and specific conductance. Water 
may be pumped to the surface for analysis of pH and other attributes. It is from the 
continuous data that we have learned much of the behavior of the Logsdon River, both 
hydrologically and chemically, since 1992. 
Linear relationships between spC and each of the major dissolved carbonate 
2+ 2+ 
constituents Ca , Mg , and HC0 3 were found by analyzing hundreds of water 
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samples from the well. These relationships allowed for the estimation of the dissolved 
ions for each spC value recorded every two minutes by the CR10 datalogger. A nonlinear 
relationship between spC and the hydrogen ion activity (aH+) was also indicated. A 
provisional model described by two separate nonlinear equations was proposed for the 
relationship between conductivity and aH+, which included a seasonal reference based on 
soil temperature. Using this model and pH/spC field data collected at the Logsdon River 
well from 1994-96, summer conditions were highly correlated in a nonlinear regression. 
Those data representing winter conditions were not as highly correlated, and described a 
wider range of pH values. 
Collection of additional pH/spC data from the Logsdon River well during the 
transition from summer to winter, 1997-98, did not support the seasonality described by 
two equations in the original model. Instead, these data mirrored the summer regression 
line of the model, even though the data were nearly equally divided between summer and 
winter conditions as defined by the continuous spC chemograph. These data, reflecting 
the most accurate procedures to date for measuring pH, support a single, nonlinear 
regression equation describing the relationship between spC and aH+. However, as the 
spC values decreased from summer into winter, the slope of the regression line increased, 
indicating that some sort of seasonal component may be responsible. The difference in 
slope may represent two distinct seasonal regimes. Based on these new observations, a 
single nonlinear equation with two distinct seasonal regimes describing the relationship 
between spC and aH+ is proposed as a modification of the provisional model. 
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5.2 Recommendations for Future Work in the Logsdon River 
In the 1989 publication of Karst Hydrology, Hess and White write: 
"For the future, chemical investigations of the (Mammoth Cave) karst 
system are far from exhausted. We know little or nothing of the detail of 
the water chemistry within the active drainage system. Aspects that require 
study include: (1) changes in dissolved carbonates, carbon dioxide, and 
saturation index along single flow lines..." 
Investigating the seasonal changes in the geochemical evolution of the Logsdon River, a 
single flow path within the Turnhole Spring basin, only began to fill this need. 
The data collected for this thesis describe the geochemical evolution of a base-
level river during both summer and winter conditions. Sampling trips were made when 
we were absolutely certain that the seasons had made the transition from summer to 
winter. Trips were also made when the continuous conductivity chemograph at the 
Logsdon River monitoring well had remained unchanged for at least ten days after 
recovering from a rain event. For both years, the data were collected from summer 
through the fall and into winter. No data were collected that represented the transition 
from winter through the spring and into summer. If these data are collected in the future, 
more care than usual must be exercised in planning and executing the sampling trips 
through the Logsdon River, as winter conditions (1) represent higher stage and (2) are 
more susceptible to a rise in stage from a single rain event than are summer conditions. 
The geochemistry of the tributary infeeders at (1) Morrison (2) Ferguson and (3) 
Fritch Avenue need to be described during winter and, if possible, summer. This 
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additional descriptive work will more than likely involve side trips into the T-survey, U-
tubes, and the lower H-survey off of the Logsdon River conduit. 
The water coming into the Logsdon River at the Morrison connection (Site #8 in 
this study) does so at the same elevation year-round; therefore it is impossible to collect a 
sample of flowing water at this site. A side trip must be made until flowing water is 
intersected. Just how far that side trip might go would depend on the antecedent 
conditions in the soil and the frequency of rain events for either summer or winter. 
The Ferguson U-tube (Site #7 in this study) may be sampled during winter, when 
it flows into the Logsdon River from a passage higher in elevation than the river. During 
summer conditions, however, it is dry. The water in the U-tube itself would be useless for 
sampling, as it stagnates during the summer. A side trip into the U-tube during summer 
months would most likely not intersect flowing water, unless a summer thunderstorm 
were happening on the plateau above. Being at this location is not recommended during 
the summer if thunderstorms are predicted. 
The last infeeder going upstream is at Fritch Avenue (Site #6 in this study). The 
water coming in from the H-survey in the winter joins the Logsdon River under a pile of 
breakdown. It may be possible to find flowing water by tracing the incoming stream back 
up into the H-survey. During summer months, a side trip back into Fritch Avenue would 
be necessary to intersect any water, if there were any to be found. 
The only ceiling waterfall in the Logsdon River conduit on the Morrison side of 
the breakdown crawl is located just before the former sump (Site #4 in this study) moving 
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upstream. This waterfall is a mere trickle in the summer, but becomes a steady source of 
water in winter. 
Together, these additional sources of geochemical information would describe the 
attributes of the water collected on the Mammoth Cave Plateau recharge area, which are 
quite different from those of the Sinkhole Plain recharge. The effect(s) of mixing the 
water of the Logsdon River with the water from these plateau infeeders could be 
measured if samples were obtained in the Logsdon River both directly upstream and 
downstream of the tributaries. 
Quantitative analysis of the debris pools of the Lower Logsdon River 
would help support the idea of additional C0 2 originating from in-cave organic decay. 
These pools are located within three kilometers of the Doyel Valley Entrance and are 
easily accessed. 
The investigation of the relationship between spC and aH+ must be continued at 
the Logsdon River well, in order to determine if it is possible to estimate the pH of a 
given water sample based on its spC value. A long-term commitment to water sampling 
at the well over a period of time, representing the transition from summer to winter or 
from winter to summer, would be required. The sampling itself would involve pumping a 
water sample to the surface (from both Logsdon and Hawkins Rivers, as the compressor 
drives both well pumps) and carefully measuring spC and pH. Samples need only be 
taken every few days if no rainfall occurs. During storm events, the widest range of 
conductivity values is recorded, and round-the-clock sampling is required in order to 
measure the greatest changes in pH. These data, when added to the body of data collected 
99 
at the well since 1994, would help to support either a seasonal model of a nonlinear 
relationship between spC and aH+ or the single-equation model developed in this thesis. 
Data analysis of the spC/aH+ relationship has so far been confined to simple 
regression analysis. The relationship between hydrogen ion activity and spC may be 
influenced by other factors, such as soil temperature or rainfall. Multiple regression 
analysis is used when there are several variables contributing to the variation of the 
dependent variable. Cluster analysis is used for grouping observations into clusters, so 
that data in the same cluster are more similar to each other than to data in other clusters. 
These types of analyses, and others, might be used to make more accurate predictions of 
hydrogen ion activity. 
The data from the Hawkins River are available for similar analysis and modeling. 
The Hawkins River represents a completely different chemical signature, as the Patoka 
Creek groundwater sub-basin is phreatic in nature. 
Examining the differences in petrology, for example, the variations in carbonate 
chemistry, porosity, permeability, changes in facies, etc., that occur moving from the 
upstream end of the Logsdon River conduit to the downstream confluence with the 
Hawkins River would be constructive in understanding the hydrogeologic controls of 
calcite dissolution. These controls would aid in modeling the transport of C0 2 through 
the Logsdon River portion of the aquifer. 
Modeling C0 2 transport at the Logsdon River well brings us closer to quantifying 
the annual values for total dissolved inorganic carbon at the exact cross-sectional area of 
the conduit. This quantification may be done by applying known regression equations 
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that estimate dissolved ions to continuous spC data gathered at the well, and by 
improving on the equation for estimating aH+. A karst region, with its complex 
interactions between water, air, soil, and bedrock, will likely be either a consumer or 
producer of atmospheric carbon dioxide. Quantifying the total inorganic carbon in 
transport at the Logsdon River well may enhance our understanding of the role of karst 
processes in the global carbon cycle. Since the estimated percentage of land identified as 
karst may be as much as 20%, overall C0 2 budgets must include this role. 
The studies made in the Mammoth Cave karst aquifer more than twenty years ago 
laid the foundation for our work in the aquifer today. To those observations and results, 
we now add our own and again must state that chemical investigations in the aquifer are 
far from exhausted. 
Appendix A 
LOCATIONS AND DESCRIPTIONS OF LOGSDON RIVER SAMPLING SITES 
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The following sample sites and descriptions are from the downstream site moving 
upstream in the Logsdon River: 
SITE #10 Logsdon River well. Just off of the old Union City intersection within MCNP 
is the site of the Hawkins and Logsdon River monitoring wells. Water samples and 
measurements may be obtained by activating the air compressor at the Hawkins River 
well, and walking 100 m through the woods to the Logsdon River well. The compressor 
runs both pumps simultaneously. 
SITE #9 Pete Strange Falls. It is a short (15-minute) trip from the bottom of the 20-m 
Doyel Valley Entrance to this site. A spectacular sight indeed, the Falls are created by a 
breach in the Corydon Chert. The entire volume of the Logsdon River disappears into a 5 
m-deep pit in the floor of the conduit. The roar of the Falls makes it difficult to 
communicate. The samples and measurements were taken about 10 m upstream of the 
Falls. 
SITE #8 Morrison. This is the site of the infeeder from the T-survey in the Morrison 
Cave section. Upstream of the smaller Corydon Chert cataracts, and downstream of the 
breakdown bypass at Ferguson, the Logsdon River fills the elliptical conduit, and the T-
survey comes in at river level from the right-hand side of the passage. During winter 
conditions it is not possible to determine if water is flowing into or out of the T-survey. 
It is low and narrow, shaped like an upside-down V. The samples and measurements were 
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taken approximately 10 m upstream of the Morrison infeeder, on a mud bank on the 
right-hand side of the conduit. 
SITE #7 Ferguson. This may be the trickiest sample site to locate, if one is unfamiliar 
with the breakdown bypass and the U-tube connection with Mammoth Cave. Upstream of 
the Morrison sampling site, a large breakdown obstacle is encountered. Climbing up and 
to the right, the river is once again intersected on the other side of the pile. Instead of 
following the river, cross directly to the opposite bank (swim in winter, chest-deep in 
summer) and follow a sandy crawl. An infeeder coming in on the left-hand side of the 
crawl is the U-tube connection between the Ferguson section and the Logsdon River. 
There is usually running water here during winter, and standing pools, if any, during 
summer. The sand crawl intersects the Logsdon River after about 100 m. Take the 
samples and measurements from this sand bank before continuing upstream to the next 
site. 
SITE #6 Fritch Avenue. A seemingly short distance from the Ferguson sampling site, 
Fritch Avenue is marked by a flowstone-cemented breakdown cataract in the Logsdon 
River, followed immediately by a large dome on the right-hand side of the passage. As of 
this writing, a rope hangs just off the floor of the dome. A very conspicuous side passage 
leads to the right of the dome. Massive piles of sand offer a welcome respite from the 
water and breakdown of the Logsdon River conduit. The samples and measurements were 
taken at the edge of a huge piece of breakdown just upstream of the cataract. 
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SITE #5 upstream X-survey. Moving upstream from Fritch Avenue, the gradient of the 
Logsdon River becomes more steep, with the water rushing over small waterfalls created 
by rimstone dams. The beginning of the X-survey is marked by a narrowing of the 
passageway into a tall canyon, with sharp ledges protruding out from the walls about 
neck-high. A bright pink piece of flagging tape hangs from the ceiling at the start of the 
guillotine section. The sample site is located just after passing through the guillotine, in a 
stretch of rapidly-moving shallow water repeatedly broken up by rimstone dams. 
Travertine deposits coat the surface of everything beneath the water level. 
SITE #4 former sump. After passing through the X-survey, the Z-survey follows the 
Logsdon River around several breakdown piles, to an eventual hands-and-knees crawl, 
which "ends" at a low airspace. Just before this spot, a waterfall comes in from the ceiling 
on the right-hand side of the passage during winter conditions. The wall-to-wall water 
with about 15 cm of airspace is the former sump that separated Morrison Cave from 
Roppel Cave in 1979. The sample and measurements are taken at the gravel bank, prior 
to entering the water and continuing upstream to the next site. 
SITE #3 S239 breakdown. A few hundred meters past the former sump, a seemingly-
impervious pile of breakdown separates the Logsdon River in Morrison Cave from its 
upstream extension in Roppel Cave. Good luck thrashing your way through 300 m of 
tight breakdown crawl. Should you emerge on the other side, there is no mistaking the 
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next sample site at S239. A permanent survey station is marked with a poker chip, just at 
the edge of the Logsdon River. The sample was taken from the water's edge. 
SITE #2 Roppel swim. Approximately half-way between the S239 breakdown and the 
Pulpit Room trunk fragment is a 50-m stretch of flooded conduit, necessitating a swim in 
summer low-flow conditions, and intermittently sumped during winter conditions. 
Immediately following the swim on the left-hand side is a long, narrow ledge from which 
to get out of the water and obtain samples and measurements. 
SITE #1 SI 88 Sump. Located at the upstream "end" of the Logsdon River in the Roppel 
Cave section, this sampling site represents the point in the Logsdon River conduit where 
the open-flow ends, and diving equipment is needed to continue upstream. The samples 
were taken in the flowing water just below the dive line leading into the sump. 
Appendix B 
SAMPLE QUERY/INPUT OF QBASIC PROGRAM "KARSTSPEC" FOR 
CALCULATION OF CALCITE SATURATION INDEX AND CARBON DIOXIDE 
PARTIAL PRESSURES 
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************** *KARSTSPEC*************** 
CHRIS GROVES, 1991, UNIVERSITY OF VIRGINIA 
*INPUT VARIABLES* 
WHAT IS THE NAME OF THIS WATER SAMPLE? LF19 
WHAT IS THE WATER SAMPLE IN DEGREES CELSIUS? 11.3 
pH? 7.68 
CA++ CONCENTRATION (mg/L)? 69.5 
MG++ CONCENTRATION (mg/L)? 5.92 
K+ CONCENTRATION (mg/L)? 1.0 
NA+ CONCENTRATION (mg/L)? 3.2 
ALKALINITY (mg/L HC03-)? 92 
S04-- CONCENTRATION (mg/L)? 13 
NO3 - CONCENTRATION (mg/L)? 1.1 
P04 CONCENTRATION (mg/L)? 
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WATER SAMPLE: LF19 
IONIC STRENGTH = 4.868799E-03 
PC02 = 1.495558E-03 ATM 
NUMBER OF ITERATIONS REQUIRED 2 
**MINERAL SATURATION INDICES** 
MINERAL IAP SI 
ARAGONITE 2 .673797E- 09 3117483 
CALCITE 2 .673797E- 09 1576344 
DOLOMITE 9 .665163E- 19 - 1 . 22479 
GYPSUM 1 .054622E- 10 -2 .376904 
MAGNESITE 3 .614771E- 10 - 1 . 24192 
EPSOMITE 1 .425769E- 08 -5 . 745951 
Appendix C 
DATA FROM LOGSDON RIVER SAMPLING SITES, 1996-1998 
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LOGSDON RIVER SAMPLING TRIPS 1996-98 
Date Site # Meters Temp pH spC 
10 -12-96 Site 1 0 0000 14 .3000 6 .8900 436 0 
Site 2 847 0060 14 .2000 7 0800 430 0 
Site 3 1296 1078 14 . 1000 7 1700 423 0 
Site 4 1608 9820 14 . 0000 7 2500 412 0 
Site 5 2937 1257 14 . 0000 7 5900 405 0 
Site 6 3765 5689 13 . 8000 7 7600 381 0 
Site 7 4515 5689 13 . 7000 7 8200 358 0 
Site 8 5451 1976 13 . 8000 7 8200 348 0' 
Site 9 6751 1976 13 . 7000 7 6500 346 0 
Site 10 8150 8982 13 .6000 7 .4300 337 0 
02 -22-97 
Site 3 1296 1078 13 .4000 7 .3200 371 0 
Site 4 1608 9820 13 .2000 6 8600 356 0 
Site 5 2937 1257 13 . 1000 6 8600 358 0 
Site 6 3765 5689 12 . 7000 7 4000 337 0 
Site 7 4515 5689 12 . 8000 7 1800 320 0 
Site 8 5451 1976 12 . 5000 7 3000 285 0 
Site 9 6751 1976 12 . 5000 7 4300 312 0 
Site 10 8150 8982 12 . 7000 7 3200 282 0 
09 -20-97 
Site 4 1608 9820 14 . 6000 7 4300 400 0 
Site 5 2937 1257 17 . 9000 7 5400 398 0 
Site 6 3765 5689 14 . 5000 7 7500 366 0 
Site 7 4515 5689 14 . 6000 7 7100 338 0 
Site 8 5451 1976 15 . 0000 7 6900 342 0 
Site 9 6751 1976 15 . 8000 7 7700 350 0 
Site 10 8150 8982 13 . 5000 7 8000 351 0 
01 -30-98 
Site 4 1608 9820 13 . 7000 7 5300 374 0 
Site 5 2937 1257 13 . 9000 7 6400 303 0 
Site 6 3765 5689 14 .3000 7 7000 310 0 
Site 7 4515 5689 13 . 7000 7 8600 279 0 
Site 8 5451 1976 13 .5000 7 7900 273 0 
Site 9 6751 1976 12 . 7000 7 7000 278 0 
!Site 10 8150 8982 13 . 1000 7 5500 273 0 
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LOGSDON RIVER SAMPLING TRIPS 1996-98 
alkalinity calcium magnesium 
10 -12- 96 Site 1 147 8640 88 8000 14 6000 
Site 2 144 7835 87_ 9400 13 9200 
Site 3 140 7758 83 8800 13 5400 
Site 4 136 4692 84 0200 13 5000 
Site 5 136 4692 77 4400 12 0800 
Site 6 126 3005 72 8600 10 4400 
Site 7 116 4429 71 3500 9 5700 
570 0 I Site 8 114 5946 71 3500 8 
Site 9 112 1302 69 2600 7 
ff" 
7100 
i ISite 10 113 9785 69 7400 6000 
;0 2 -22- 97 
Site 3 106 7500 69 2000 5 2000 
ISite 4 102 4800 68 0000 5 0700 
9500 
"7200 
Site 5 101 5700 67 9000 4 
Site 6 95 1600 62 8000 4 
Site 7 87 8400 57 9000 4 5300 
Site 8 86 6200 57 1000 4 
4 
4900 
3 8 0 0 Site 9 86 0100 56 2000 
Site 10 80 8300 52 2000 3 9900 
09 -20-97 
ISite 4 121 0000 62 4000 7 3200 
ISite 5 121 0000 60 3800 7 2100 
iSite 6 119 0000 52 7600 6 8300 
ISite 7 103 0000 50 3000 6 4000 
Site 8 104 0000 49 9700 6 6800 
iSite 9 105 0000 51 1500 6 6300 
Site 10 108 0000 49 8400 6 9100 
01 30- 98 
Site 4 104 3100 60 6000 4 2800 
Site 5 102 4800 58 9800 4 2400 
Site 6 98 2100 59 2100 4 1100 
Site 7 92 1100 56 4300 4 0400 
Site 8 84 7900 55 4000 3 9700 
Site 9 88 4500 54 5300 3 9800 
Site 10 89 6700 55 0500 3 9300 
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LOGSDON RIVER SAMPLING TRIPS 1996-98 
PC02 PC02/a.b. SIcal SIdol 
10- 12 -96 Site 1 0.0123 34 0278 -0 6990 -2 0460 
Site 2 8 . 430-0e-3 23 4167 -0 4860 -1 6370 
Site 3 6 .8760e-3 19 1000 -0 4140 -1 .4840 
Site 4 5 .6670e-3 15 7417 -0 3380 1 .3330 
Site 5 2 . 7730e-3 7 7028 -1.6700e-3 -0 6720 
Site 6 1 .8800e-3 5 2222 0 1440 -0 .4150 
Site 7 1 .5130e-3 4 2028 o 1610 -0 4080i 
Site 8 1 .4920e-3 4 1444 0 1570 -0 .46401 
Site 9 2 .0060e-3 5 5722 -0 0627 -0 9370! 
Site 10 3 .2600e-3 9 0556 -0 2920 -1 2220! 
02-22 -97 ! 
Site 3 3 .8579e-3 ^ 11 0220 -0 4377 -1 8551! 
Site 4 8.8991e-3 25 4260 -1 0004 -2 9820; 
Site 5 8.8054e-3 25 1580 -1 0064 -3 0028; 
Site 6 2 .8940e-3 8 .2680 -0 4464 -1 8662; 
Site 7 4 .2050e-3 12 0140 -0 7533 -2 .4628 
Site 8 3 .2434e-3 9 2660 -0 6349 -2 2215 
Site 9 2 .4589e-3 7 0250 -0 5018 -1 9591 
Site 10 2 .9224e-3 8 . 3490 -0 6726 -2 .3101 
09- 20 -97 
Site 4 3 . 5300e-3 1 1760 -0 2890 -1 .3700! 
Site 5 2 . 9200e-3 0 9700 -0 1330 -1 0800; 
jSite 6 1 8400e-3 0 6130 -1.4800e-3 -0 75 0 0 
Site 7 1 7600e-3 0 5860 -0 1170 -0 9 94 0 
Site 8 1 8700e-3 0 6230 -0 1300 -1 0000 
Site 9 1 . 5800e-3 0 5260 -0 0252 -0 8100 
Site 10 1 4700e-3 0 4900 -0 0296 -0 7700; 
01- 30 -98 
Bite 4 2 . 4400e-3 6 ST. A -0 2650 -1 5300; 
Site 5 1 8900e-3 5 4000 -0 1640 -1 3300 
jSite 1 7000e-3 4 8571 -0 0851 -1 1900 
|Site 7 1 1000e-3 3 1429 0 0198 -0 9600 
Site 8 1 1800e-3 3 3714 -0 0940 -1 1800 
Site 9 1 5100e-3 4 3143 -0 1850 -1 3500 
Site 10 2 0000e-3 5 7143 -0 3530 -1 7000; 
Appendix D 
DATA FROM WQMP (NPS) LOGSDON RIVER AND HAWKINS RIVER 
WELLS, 1996-1998 
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WQMP DATA LOGSDON AND HAWKINS RIVERS 1996-98 
Site Date Temp spC pH 
LR 10-96 11 30 358 . 00 7 68 
LR 11-96 r ~ 1 2 00 293 . 00 7 33 
LR 11-96 12 00 294 . 00 7 32 
LR 12-96 12 10 296 . 00 7 49 
LR 01-97 10 50 298 . 00 7 75 
LR 02-97 12 1 0 282 . 00 7 26 
LR 08-97 15 6 0 333 . 00 7 73 
LR 09-97 15 70 329 . 00 7 67 
LR 10-97 16 60 337 . 00 7 71 
LR 10-97 16 60 337 . 00 7 71 
LR 11-97 12 6 0 341 . 00 7 70 
LR 12-97 1 1 60 243 . 00 7 27 
LR 01-98 12 30 269 . 00 7 54 
HR 10-96 13 30 417 . 00 6 98 
iHR 11-96 1 2 80 318 . 00 7 05 
jHR 12-96 11 80 345 . 00 7 05 
HR 12-96 11 70 344 . 00 7 06 
HR 01-97 12 10 250 . 00 7 47 
HR 02-97 12 8 0 357 . 00 6 67 
HR 03-97 1 2 80 324 . 00 6 64 
HR 04-97 10 70 329 . 00 7 20 
HR 05-97 15 30 309 00 7 27 
HR 06-97 15 6 0 301 . 0 0 7 18 
HR 07-97 14 50 393 . 00 6 96 
HR 08-97 15 60 418 . 00 7 04 
HR 09-97 15 6 0 406 . 00 7 11 
HR 10-97 16 2 0 414 . 0 0 7 15 
HR 11-97 13 0 0 399 . 0 0 7 2 2 
SR 12-97 11 6 0 376 . 0 0 7 18 
HR 01-98 12 6 0 281 . 0 0 7 0 0 
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WQMP DATA LOGSDON AND HAWKINS RIVERS 1996-98 
Site Date aH+ alkalinity Ca 
LR 10-96 2 .0 9e- 8 92 00 69 50 
LR 11-96 4 .6 8e- 8 81 00 57 50 
LR 11-96 4 .79e-8 84 00 57 10 
LR 12-96 3 . 24e-8 76 00 57 80 
LR 01-97 1 .78e- 8 74 00 57 00 
LR 02-97 5 . 50e-8 52 00 50 90 
LR 08-97 1 .86e-8 74 00 64 90 
LR 09-97 2 .14e-8 72 00 64 50 
LR 10-97 1 .95e-8 138 00 62 3 0! 
LR 10-97 1 .95e-8 134 00 63 2 0 
LR 11-97 2 .00e-8 140 00 61 5 01 
LR 12-97 5 .37e-8 68 00 
LR 01-98 2 .88e-8 120 00 
HR 10-96 1 .05e-7 200 00 78 70 
HR 11-96 8 .9le- 8 138 00 58 80 
HR 12-96 8.9le- 8 154 00 69 00 
HR 12-96 8.71e-8 150 00 69 20 
HR 01-97 3 .39e-8 172 00 71 10 
HR 02-97 2 .14e-7 100 00 59 9 0! 
HR 03-97 2 .29e-7 144 00 60 2 Oj 
HR 04-97 6 .31e-8 250 00 67 4 0 
HR 05-97 5 . 37e-8 118 00 63 0 Oj 
HR 06-97 6 .61e-8 128 00 64 6 0! 
HR 07-97 1 .10e-7 164 00 77 30 
HR 08-97 9 . 12e-8 176 00 82 80 
HR 09-97 7 .76e-8 176 00 84 3 0; 
HR 10-97 7 .08e-8 186 00 75 4 0! 
HR 11-97 6 .03e-8 184 00 83 30 
HR 12-97 6 .61e-8 142 00 
HR 01-98 1 . 0 0 e - 7 132 00 
1 1 6 
WQMP DATA LOGSDON AND HAWKINS RIVERS 1996-98 
Site Date Mg K Na 
LR 10-96 5 92 1 00 3 20 
LR 11-96 4 66 1 00 2 62 
LR 11-96 4 65 2 28 2 86 
LR 12-96 4 72 1 00 2 51 
LR 01-97 4 84 1 00 2 69 
LR 02-97 4 07 1 00 3 01 
LR 08-97 7 06 1 45 3 38 
LR 09-97 7 20 1 57 4 02 
LR 10-97 7 73 1 00 4 14 
LR 10-97 7 82 1 37 4 17 
LR 11-97 7 60 1 00 5 78 
LR 12-97 
LR 01-98 
HR 10-96 
" 8 89 4 17 2 36 
HR 11-96 5 91 3 76 2 07 
HR 12-96 7 88 1 92 2 37 
HR 12-96 7 70 1 00 2 37 
HR 01-97 7 68 1 66 2 46 
HR 02-97 6 02 1 00 2 50 
HR 03-97 6 56 1 81 1 85 
HR 04-97 7 74 1 06 2 09 
HR 05-97 6 61 1 00 2 23 
HR 06-97 6 21 1 00 2 07 
HR 07-97 9 09 2 05 2 26 
HR 08-97 10 80 1 32 2 19 
HR 09-97 10 80 1 57 2 74 
HR 10-97 11 20 1 00 2 76 
HR 11-97 11 60 1 00 3 75 
HR~ 12-97 
HR 01 • 9 8 
1 1 7 
WQMP DATA LOGSDON AND HAWKINS RIVERS 1996-98 
Site Date CI S04 NO 3 
LR 10-96 5 . 70 13 . 00 1 . 10 
LR 11-96 4 .60 11 . 80 1 .40 
LR 11-96 4 .60 11 .80 1 .40 
LR 12-96 4 .70 12 . 60 1 . 60 
LR 01-97 5 . 10 12 . 90 1 .40 
LR 02-97 5 . 70 12 .40 0 . 10 
LR 08-97 5 . 10 35 . 50 1 . 80 
LR 09-97 6 .30 21 . 50 1 . 80 
LR 10-97 6 .40 19 . 10 2 . 10 
LR 10-97 6 .40 19 .40 2 .30 
LR 11-97 8.40 16 . 50 1 .80 
LR 12-97 1 .30 
LR 01-98 2 . 10 
HR 10-96 5 .30 19 . 50 2 .20 
HR 11-96 5 . 10 8 . 10 1 .50 
HR 12-96 4 . 90 9 . 90 2 . 50 
HR 12-96 5 . 00 10 . 20 2 .30 
HR 01-97 5 . 10 10 . 00 2 . 80 
HR 02-97 5 . 70 8 . 70 2 . 10 
HR 03-97 4 . 10 8 . 10 0 . 70 
HR 04-97 4 . 60 9 . 20 3 . 00 
HR 05-97 4 .40 9 . 60 1 . 90 
HR 0 6-97 3 .80 20 . 10 3 . 10 
HR 07-97 4 . 60 9 . 00 3 . 10 
HR 08-97 4 . 50 24 . 00 2 . 90 
E m 09-97 5 .40 12 . 80 1 . 90 
HR 10-97 5 .40 15 . 00 3 . 50 
HR 11-97 6 . 50 8 . 90 2 . 60 
HR 12-97 2 .30 
HR 01-98 2 . 90 
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WQMP DATA LOGSDON AND HAWKINS RIVERS 1996-98 
Site Date PC02 SIcal (all) SIcal SIdol 
LR 10-96 1 49e-3 -0 16 -0 15 -1 22 
LR 11-96 2 82e-3 -0 64 -0 64 -2 22 
LR ,11-96 2 99e-3 -0 64; -0 63 -2 22 
LR 12-96 1 89e-3 -0 49 -0 49 -1 92 
LR 01-97 1 09e-3 -0 24 -0 23 -1 38 
LR :02-97 2 10e-3 -0 96 -0 95 -2 85 
LR ;0 8 - 97 1 2 le - 3 -0 15 -0 12 -1 13 
LR |09- 97 j 1 2 7e - 3 -0 24 -0 22 -1 30 
Appendix E 
DATA FROM LOGSDON RIVER WELL, 1994-1995 
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LOGSDON RIVER WELL GEOCHEMISTRY 1997-1998 
JULDATE YEAR spC pH aH+ 
333 00 4 00 230 . 00 7 . 92 1 20e- 8 
333 00 4 00 220 . 00 8 . 0 0. 1 00e-8 
334 00 4 00 210 . 00 7 . 94; 1 15e- 8 
334 00 4 00 220 . 00 8 . 05; 8 91e- 9 
334 00 4 00 220 . 00 7 . 94 1 15e-8 
334 00 4 00 220 . 00 8 . 00; 1 00e-8 
335 00 4 00 23 0 . 00 8 .00 1 00e-8 
336 00 4 00 220 . 00 8 .06 8 71e- 9 
l~ • 
1-
336 00 4 00 230 . 00 7 . 81 1 5 5e - 8 
337 00 4 00 220 . 00 7 . 88 1 3 2e - 8 
337 00 4 00 220 . 00 7 . 85 1 41e- 8 
338 00 4 00 210 . 00 8 . 03; 9 33e- 9 
338 00 4 00 210 . 00 7 . 83 1 48e-8 
331 00 4 00 320 . 00 8 . 0 8. 8 3 2e - 9 
331 00 4 00 330 . 00 8 . 10 7 94e - 9 
331 00 4 00 320 . 00 8 . 18' 6 6 le - 9 
332 00 4 00 320 . 0 0[ 8 .20 6 31e-9 
r 332 00 4 00 300 . 00 8 . 18! 6 6 le - 9 
332 00 4 00 300 00 8 . 25 5 6 2 e - 9 
332 00 4 00 280 oo; 8 . 23 5 8 9e - 9 
332 00 4 00 290 . 00 8 . 28' 5 25e-9 
332 00 4 00 320 . 00 8 .26 5 5 Oe - 9 
332 00 4 00 320 . 00 8 . 19: 6 . 46e-9 
332 00 4 00 320 0 0; 8 . 13 7 41e-9 
332 00 4 00 340 00 8 . 01 9 77e - 9 
332 00 4 00 320 00 8 . 03 9 33e-9 
332 00 L_ 4 00 290 0 0; 8 . 05 8 91e- 9 
332 00 4 00 260 oo! 8 . 04| 9 12e- 9 
333 00 4 .0 0: 250. oo! 8 . 0 7 8 51e-9 
333 00 4 00 240 00 8 . 04 9 . 12e- 9 
333 00 
______ .
 4 0 0i 23 0. oo; 8 . 04 9 12e - 9 
LOGSDON RIVER WELL GEOCHEMISTRY 1994-1995 
JULDATE 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
121. 00 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
1 2 1 . 0 0 
YEAR spC pH aH+ 
5 . 0 0 317 . 001 . 26 
_5_._0 0_ 
5 . 0 o! 
311.00 
3 1 4 . 0 0 
5 . 00 
5 . 00 
3 0 9 . 0 0 
3 0 8 . 0 0 
5 . OOi 3 0 6 . 0 0 
5 . 00 279.00 
5 . 00! 252.00 
5 . 00 
5 . 00 
243.00 
311.00 
5 . 0 0 
5 . 0 0 
314.00 
3 0 9 . 0 0 
5 . 0 0 ! 
5 . 0 0 
3 0 8 . 0 0 
3 0 6 . 0 0 
5 . 0 0 279.00 
5 . 0 0 252.00 
5 . 001 243.00 
5 . 0 0 ! 267.00 
8 . 24 
5.50e-9 
5.75e- 9 
8 . 22 
8 . 2 1 
8 .17 
8 . 2 1 
6 . 03e-9 
6.17e-9 
6.76e-9 
6.17e-9 
8 . 1 9 
. 14 
08 
. 24 
6 .46e-9 
7^24e-9 
~8 . 3 2 e - 9 
5 . 75e- 9 
. 22! 6 . 03e-9 
. 2 1 6.17e-9 
•
 1 7 ; 
. 2 1 
6 ^_7jSe- 9 
6.17c-9 
. 191 
. 14! 
6 . 46e-9 
7 . 24e- 9 
8 . 0 8 
8 . 0 5" 
. 32e-9 
91e-9 
1 2 2 . 0 0 
1 2 2 . 0 0 
1 2 2 . 0 0 
122 . 00 
1 2 2 . 0 0 
1 2 2 . 0 0 
1 2 2 . 0 0 
1 2 2 . 0 0 
1 2 2 . 0 0 
1 2 2 . 0 0 
1 2 2 . 0 0 
1 2 2 . 0 0 
5.00! 
5 . 0 0^  
265.00 8 . 04 9.12e-9 
2 8 2 . 001 1. 05e-i 
5.00! 2 8 1 . 0 0 
5 . 0 0| 295.00 
5.00! 290.00 
5.00: 
. 01: 
. 01! 
9 . 77e- 9 
9 . l i e - 3 
1 . 99 
298 . 00; 
5 . 0 0 288 . 00 
5 . OOj 
5 . 0 Of 
5 . 00 
5 . 00 
5 . 00 
282 . 00 
26 8 . 00 
23 8.00 
232 . 00 
237.00 
_7 . 9 7 
77 9 4 
i . 90: 
7 . 95 
7 . 95! 
7.89! 
1. 02e-; 
1. 0 7 o - 8 
1.1 be- 8 
T. 15e-8j 
1 . 2 6 o - 8 
1 . 1 2 o - 8 
1.12e-8j 
1. 2 9e-a 
123 .00 
123 .00 
5 . 00 240.00 7.88! 1 . 32e - f 
5 . 00; 247.00 7 . 93 1.17e-
123.00 
123.00 
123.00 
T 2 4 . 0 0 
124 . 00! 
124 . 00! 
124 . 0 0; 
~12~4™. 0 0 
125 . 00! 
12 5 . 0 0 
125.00 
1 _ T 5 7 o q 
126 . 0 0; 
12 6 . 0 0 
127 . 00; 
5.00! 253.00 7 . 91 
5.00! 2 6 0 . 0 0 7 . 78 
5 . OOj 
b . 0 0 
5 . 00 
5 . 0 C 
5.00 
A76• 
2 72.00 
_7_._9 7 
X.~04 
218.00! 
~2 8 6 70 0 
8 . 11 
8 . 02 
1. 23e-8 
1. 6 6 e - 8 
T. 0 7e- 8 
9 . 12e-9 
7.76 e-9 
•) . 5 5~e"-~9 
5 . 00 
342 . 00 
280 . 00 
J5 . 00 
5 . 0 0* 
5 . C C 
5 . 0C 
5 . 0 0 
" 5 . 0 0 " 
5 7 0 0 
291.00 
J3 0 7 . 0 0; 
2 9 8 . 0 3 
2 96 . 0 0* 
3 04700! 
3 0 6.00; 
3 0 8 . 0 Oj 
7^8 6: 
7 . 9 9 
8 7 0 6 
8 . 04 
7 . 8 7 
7 7 8 8 
8 . 0 b 
8 . 1 4 
8 . 07 
1. 38e-8j 
1 . 0 2o -8 
8 . 71e-9: 
9 . 12 e - 9! 
1 ._3 5e-8 
I . 3 2 ci - 8 
8 . 9 ! e • 9 
7 . 24e-9 
8 . 5 9 
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LOGSDON RIVER WELL GEOCHEMISTRY 1997-1998 
45 . 00 5 . 00 327 . 00 7.89 1. 29e-8 
46 .00 5 . 00 349 . 00 7 . 96 1.10e-8 
46.00 5 . 00 3 58 . 00 7 . 94 1.15e-8 
46 . 00 5 . 00 306.00 7 . 93 1.17e-8 
4 6,00 5 . 00 218.00 7 . 71 1.95e-8 
46 .00 5 . 00 234.00 7 . 79 1.62e-8 
46 . 00 5 . 00 268.00 7 . 72 1.91e-8 
46 . 00 5 . 00 218.00 7 . 52 3.02e-8 
46 . 00 5 . 00 225.00 7 . 62 2.40e-8 
47 . 00 5 .00 239.00 7 . 53 2.95e-8 
47 . 00 5 . 00 260.00 7 . 57 2.69e-8 
47 . 00 5 . 00 268.00 7 . 58 2.63e-8 
47.00 5 .00 275.00 7 . 57 2.69e-8 
48 .00 5 . 00 314 . 00 7 . 60 2.51e-8 
50 .00 5 .00 337.00 7 . 94 1.15e-8 
50 . 00 5 . 00 342 . 00 8 . 10 7.94e- 9 
51. 00 5 .00 342 . 00 8.09 8.13e-9 
51. 00 5.00! 355.00 7 . 99 1.02e-8 
52 . 00 5.00! 353.00 8 . 03 9.33e-9 
52 .00 5.00 350.00 8 . 02 9 . 55e-9i 
53 .00 5 . 00; 349.00 8 . 03 9 . 33e-9 
54 . 00 5.00| 357.00 8 . 03 9.33e-9 
101.00 5 . 00 325.00 8 . 06 8.71e-9 
101.00 5 . 00 325.00 8 .17 6.76e-9 
101.00 5 . 00 317.00 8 .22 6.03e-9 
101.00 5 . 00 314.00 8 .21 6.17e-9 
102.00 5 . 00 318 . 00 8 . 24 5.75e-9 
102.00 5 . 00 331. 00 8 .32 4.79e-9 
102.00 5 . 00 324.00 8 .20 6.31e-9 
102.00 5 . 00 312.00 8 .28 5.25e-9 
102.00 5 . 00 322.00 8 .25 5.62e-9 
102.00 5 . 00 318.00 8 .25 5.62e-9 
216.00 5 . 00 370.00 8 . 12 7.59e-9 
217.00 5 . 00 366.00 8 .18 6.61e-9 
217.00 5 . 00 365.00 8.20 6.31e-9 
217.00 5 . 00 362.00 8 .20 6 . 3 le - 9! 
217.00 5 . 00 362.00 8 . 17 6.7 6e-9 
217.00 5 . 00 367.00 8 .19 6.46e-9 
217.00 5 . 00 369.00 8 .20 6.31e-9 
217.00 5 . 00 362 . 00 8 .20 6.31e-9 
217.00 5 . 00 364 . 00 8 .19 6.46e-9 
217.00 5 . 00 367.00 8.20 6.31e-9 
217.00 5.00 365.00 8 .23 5.89e-9 
217.00 5 . 00 364.00 8 .20 6.31e-9 
217 . 00 5.00 369.00; 8.18! 6.61e-9j 
123 
LOGSDON RIVER WELL GEOCHEMISTRY 1997-1998 
JULDATE YEAR spC pH aH+ 
218.00 5.00! 362.00 8 . 24 5 . 75e-9 
218.00 5.00 361.00 8 .17 6 . 76e-9 
218 . 00 5.00! 361.00 8 .16 6 . 92e-9 
218.00 5 . 00 362.00 8 .18 6 . 61e-9 
218.00 5 . 00 361.00 8 . 18 6 . 61e-9 
218.00 5 . 00 365.00 8 . 20 6 . 31e-9 
218.00 5.00! 359.00 8 . 20 6 . 31e-9 
218 . 00 5 . 00 362.00 8 . 22 6.03e- 9 
218 . 00 5 . 00 360.00 8 .20 6.31e-9 
218.00 5 . 00 369 . 00 8 . 23 5 . 89e-9 
218.00 5.00, 367.00 8 . 22 6.03e-9 
218.00 5.00| 362.00 8 . 20 6.31e-9 
218.00 5 . 00 362 . 00 8 . 18 6.61e-9 
218.00 5 . 00 362 . 00 8 . 18 6.61e-9 
218.00 5 . 00 366 . 00 8 . 23 5.89e-9 
218.00 5 . 00 360 . 00 8 . 22 6.03e-9 
218.00 5 . 00 360 . 00 8 . 21 6.17e-9 
219.00 5 . 00 364 . 00 8 . 23 5.89e-9 
219.00 5 .00 360.00 8 . 21 6.17e-9 
219.00 5 . 00 367 . 00 8 .27 5.37e-9 
219.00 5 . 00 353.00 7 . 96 1.10e-8 
219.00 5 . 00 344 . 00 8 . 17 6.76e-9 
220 .00 5 . 00 344.00 8 . 09 8.13e-9 
220.00 5.00 356.00 8 . 19 6.4 6e-9 
220 . 00 5.00 355.00 8 . 19 6.4 6e- 9 
220.00 5.00 350.00 8 .12 7 . 59e-9 
220.00 5 .00 354.00 8 . 03 9 . 33e-9 
220 .00 5 .00 340.00 8 . 05 8 . 91e-9 
221 .00 5.00| 305.00 8 . 03 9 . 33e-9 
221.00 5.00! 308.00 8 . 03 9 . 33e-9 
221.00 5.00 309.00 7 . 68 2 . 09e-8 
221.00 5 .00 286 . 00 8 . 06 8 . 71e- 9 
221 . 00 5.00 272 . 00 8 . 01 9.77e-9 
222.00 5.00 308.00 8.18, 6 . 6 le - 9 
222.00 5 . 00 331.00 8 . 08 8 . 32e-9 
222.00 5.0 0! 332.00 7 . 56 2.75e-8 
222 . 00 5.00! 346.00 7 . 68 2.0 9e - 8 
222.0 0! 5.0 0 361.00 7.89! 1 . 2 9e - 8 
223.00! 5.00 377.00 7.94: 1 .15e - 8 
223.00: 5.00 374.00 7 . 76 1.74e- 8 
8.9le- 9 224.00 
2 24 0 0 
5.00 
" 5.0 0 
356.00 8 . 05 
361.00 7.91; 1. 23e-8 
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LOGSDON RIVER WELL GEOCHEMISTRY 1997-1998 
JULDATE YEAR spC pH aH+ 
310 . 00 5 00 349 . 00 7 65 2 24e-8 
311. 00 5 00 356 . 00 7 52 3 02e-8 
311. 00 5 .00 341 . 00 7 54 2 8 8e - 8 
311. 00 5 00 348 .00 7 62 2 40e-8 
311. 00 5 00 348 -.0 0 7 56 2 75e - 8 
311. 00 5 00 336 .00 7 76 1 74e- 8 
311. 00 5 00 341 .00 7 60 2 51e-8 
311. 00 5 00 284 . 00 7 67 2 14e - 8 
311. 00 5 00 263 . 00 7 49 3 24e - 8 
311. 00 5 00 270 .00 7 59 2 57e- 8 
311. 00 5 00 295 .00 7 44 3 63e-8 
311. 00 5 00 299 .00 7 46 3 4 7e - 8 
311. 00 5 00 307 .00 7 40 3 9 8e - 8 
311. 00 5 00 317 . 00 7 36 4 3 7e - 8 
311. 00 5 .00 313 .00 7 26 5 5 Oe - 8 
311. 00 5 00 314 .00 7 24 5 75e-8 
311. 00 5 00 280 .00 7 20 6 3 le- 8 
311 . 00 5 00 280 . 00 7 18 6 61e-8 
311. 00 5 00 282 .00 7 24 5 75e- 8 
311. 00 5 00 279 .00 7 25 5 62e- 8 
312 . 00 5 00 278 .00 7 26 5 50e-8 
312 . 00 5 00 279 . 00 7 23 5 8 9e - 8 
312 . 00 5 00 276 .00 7 24 5 75e - 8 
312 . 00 5 00 280 .00 7 18 6 6 le - 8 
312 . 00 5 00 278 .00 7 29 5 13e - 8 
312 . 00 5 00 282 . 00 7 11 7 76e-8 
312 . 00 5 00 282 . 00 7 15 7 0 8e - 8 
312 . 00 5 00 279 . 00 7 16 6 92e - 8 
312 . 00 5 00 284 . 00 7 16 6 92e-8 
312 . 00 5 00 292 .00 7 15 7 08e-8 
312 . 00 5 00 290 . 00 7 15 7 08e-8 
312 . 00 5 00 294 .00 7 31 4 9 Oe - 8 
312 . 00 5 00 297 . 00 7 25 5 62e-8 
312 . 00 5 00 302 . 00 7 26 5 50e-8 
313 . 00 5 00 308 . 00 7 21 6 17e-8 
313 . 00 5 00 323 .00 7 25 5 62e-8 
313 . 00 5 00 326 .00 7 26 5 5 Oe - 8 
313 . 00 5 00 330 . 00 7 43 3 72e- 8 
313 . 00 5 00 334 . 00 7 50 3 16e-8 
314 . 00 5 00 338 . 00 7 47 3 3 9e - 8 
314 . 00 5 00 340 . 00 7 47 3 3 9e - 8 
314 . 00 5 00 345 . 00 7 63 2 34e-8 
314 . 00 5 00 348 .00 7 68 2 09e-8 
Appendix F 
DATA FROM LOGSDON RIVER AND HAWKINS RIVER WELLS, SUMMER-
WINTER TRANSITION, 1997-98 
1 2 5 
126 
LOGSDON RIVER WELL GEOCHEMISTRY 1997-1998 
TIME (CST) JULIAN DATE spC pH _ _ _ aH+ _ CORRspC 
1230.00 246 . 00 330.00 7 . 82 1 . 51e-8 328.00 
745.00 247.00 337.00 7 . 76 1 . 74e-8 335.00 
955.00 252.00 325.00 7 . 75 1.78e-8 345 . 00 
905.00 262.00 346.00 7 . 84 1.45e-8 349.00 
904.00 263.00 351.00 7 . 80 1.58e-8 352.00 
1045.00 267.00 334 . 00 7 . 73 1.86e-8 334 . 00 
901. 00 268.00 7 . 76 1.74e-8 336.00 
1345 . 00 273.00 7 . 82 1.51e- 8 340 . 00 
1134.00 280.00 7 . 84 1.45e-8 
930.00 297.00 309.00 7 .56 2.75e-8 322.00 
1150.00 302.00 334.00 7 .40 3.98e-8 339.00 
1615.00 305.00 285.00 7 . 96 1.10e-8 352.00 
1200.00 306.00 293.00 7 . 78 1.66e-8 349.00 
1526.00 308 . 00 312.00 7 . 59 2.57e-8 363.00 
1615.00 310.00 311.00 8 . 01 9.77e-9 361.00 
1400.00 311.00 304.00 7 . 75 1.78e- 8 350.00 
1640.00 314.00 341.00 7 . 70 2.00e-8 357.00 
1615.00 318.00 312.00 7 . 93 1.17e-8 331.00 
840 .00 319.00 315.00 7 . 89 1.29e-8 361.00 
1350 .00 324.00 349 . 00 7 . 65 2.24e-8 347.00 
1405.00 325 . 00 347.00 7 . 68 2.09e-8 346 . 00 
1630.00 325.00 355.00 7 . 61 2.45e-8 346.00 
930.00 326.00 355.00 7 . 87 1.35e-8 300.00 
955.00 326.00 311.00 7 . 70 2.00e-8 295.00 
1300.00 327.00 331.00 7 . 69 2.04e-8 320 . 00 
700.00 335.00 214.00 7 . 44 3.63e-8 180.00 
1035.00 336.00 197.00 7 . 74 1.82e-8 201.00 
1250.00 337.00 215.00 7 . 77 1.70e-8 229 . 00 
2215.00 337.00 218.00 7 . 61 2.45e-8 238 . 00 
1334.00 341 . 00 241 . 00 7 . 72 1.91e-8 273.00 
1230.00 343 . 00 254.00 7 . 89 1.29e-8 281.00 
1330.00 344 . 00 243.00 7 . 27 5.37e-8 189.00 
2204.00 344 . 00 210.00 7 . 33 4.68e-8 182 . 00 
1235.00 347 . 00 174.00 7 . 52 3.02e-8 268 . 00 
1330 . 00 348 . 00 238.00 7 . 83 1.48e-8 278 . 00 
1147 . 00 353 . 00 200.00 7 . 62 2.40e-8 292.00 
1531. 00 358 . 00 244.00 7 . 75 1.78e-8 270.00 
1430.00 364 . 00 270.00 7 . 56 2.75e-8 276 . 00 
127 
LOGSDON RIVER WELL GEOCHEMISTRY 1997-1998 
TIME(CST) JULIAN DATE spC pH aH+ CORRspC 
924 . 00 6 . 00 209 00 7 69 2 . 04e- 8 211 . 00 
958 . 00 6 . 00 212 00 7 76 1. 74e-8 211 00 
1021. 00 6 . 00 208 00 7 79 1. 62e- 8 211 . 00 
1040 . 00 6 . 00 209 00 7 82 1. 51e- 8 212 .00 
1445 . 00 6 . 00 214 00 7 54 2 . 88e- 8 233 . 0 0; 
939 . 00 7 . 00 238 00 7 87 1 . 35e-8 244 . 00 
1157 . 00 7 . 00 238 00 7 78 1 . 66e-8 238 . 00 
1236 . 00 7 . 00 231 00 7 79 1 . 62e^81 234 . 00 
1610 . 00 7 . 00 188 00 7 37 4 . 27e- 8 190 . 00 
1652 . 00 7 . 00 206 00 7 26 5 . 50e-8 205 . 00 
2218 . 00 7 . 00 165 00 7 14 7 . 24e-8 157 . 00 
2323 . 00 7 . 00 164 00 7 30 5 . 01e-8 162 . 00 
38 . 00 8 . 00 169 00 7 24 5 . 75e-8 175 . 00 
209 . 00 8 . 00 180 00 7 40 3 . 98e-8 180 . 00 
306 . 00 8 . 00 183 00 7 40 3 . 98e-8 183 .00 
400 . 00 8 . 00 184 00 7 39 4 . 07e- 8 187 . 00 
505 . 00 8 . 00 193 00 7 41 3 . 89e-8 191 . 00 
603 . 00 8 . 00 196 00 7 .39 4 07e-8 194 . 00 
1010 . 00 8 . 00 220 00 7 .30 5 01e-8 208 . 00 
1118 . 00 8 . 00 218 00 7 .40 3 98e-8 213 . 00 
1209 . 00 8 . 00 216 00 7 .42 3 80e-8 216 . 00 
1316 . 00 8 .00 219 00 7 .47 3 3 9e - 8 219 . 00 
1421. 00 8 . 00 218 00 7 54 2 88e-8 222 . 00 
1544 . 00 8 . 00 222 00 7 56 2 75e-8 223 . 00 
825 . 00 9 . 00 206 00 7 .36 4. 37e-8 212 . 00 
1610 . 00 10 . 00 269 00 7 54 2 88e-8 260 . 00 
1040 . 00 11 . 00 285 00 7 78 1 6 6e - 8 267 . 00 
805 . 00 12 . 00 269 00 7 68 2 09e-8 270 . 00 
1032 . 00 13 . 00 256 00 7 83 1 48e-8 244 . 00 
1001. 00 14 . 00 240 00 7 53 2 95e- 8 242 . 00 
1012 . 00 15 . 00 251 00 7 59 ^ 2 57e-8 255 .0 0^  
1132 . 00 30 . 00 273 00 7 55 2 82e- 8 280 . 00; 
HAWKINS RIVER WELL GEOCHEMISTRY 1997-1998 
TIME(CST) JULIAN DATE spC pH aH+ 
1230.00 246.00 408.00 7 .21 6.17e-8 
745.00 247.00 409.00 7 . 23 5.8 9e- 8 
955.00 252.00 396.00 7 .19 6.4 6e- 8 
1045.00 267.00 414.00 7 .23 5.89e-8 
1345.00 273.00 7 .29 5 . 13e-8 
1134.00 280 .00 7 . 24 5.75e-8 
5.89e-8 930.00 297.00 399.00 7 . 23 
1150.00 302.00 400.00 7.40 3.98e-8 
1615.00 310.00 350.00 7 .37 4.27e-8 
1400.00 311.00 369.00 7 .30 5.01e-8 
1640.00 314.00 399.00 7 . 22 6.03e-8 
1615.00 318.00 386.00 7.43 3 . 72e-8 
840.00 319.00 403.00 7.40 3.98e-8 
1350.00 324 . 00 424.00 7 .42 3.80e-8 
1405.00 325.00 431.00 7.36 4.37e-8 
1630.00 325.00 426.00 7 .36 4.37e-8 
930.00 326.00 405 . 00 7 .45 3.55e-8 
1300 . 00 327 . 00 405.00 7 . 51 3.09e-8 
700.00 335.00 382.00 7 .21 6.17e-8 
1035.00 336.00 291.00 7 .32 4.79e-8 
1250.00 337.00 295.00 7.34! 4 . 57e-8 
2215.00 337 . 00 285.00 7 .36 4.37e-8 
1334.00 341 . 00 282.00 7.38 4.17e-8 
1230.00 343.00 308.00 7 . 58 2 . 63e-8! 
1330.00 344 . 00 376.00 7 .18 6.61e-8 
2204.00 344.00 355.00 7.37 4.27e-8 
1235.00 347.00 280.00 7.38 4.17e-8 
1330.00 348 . 00 302 . 00 7 .49 3.24e-8 
1147.00 353.00 344 . 00 7 .26 5.50e-8 
1533.00 358.00 298.00 7 .42 3.80e-8 
1434.00 364.00 339.00 7 . 24 5.75e-8 
129 
HAWKINS RIVER WELL GEOCHEMISTRY 1997-1998 
TIME(CST) JULIAN DATE spC pH aH+ 
935.00; 6.00 303.00 7 .42 3.80e-8 
945.00 6 . 00 304.00 7 .41 3.89e-8 
1012.00! 6.00 304 . 00 7 . 44 3.63e-8 
1030.00! 6.00 300 . 00 7 .47 3.39e-8 
1456. 00j 6.00 306.00 7 .42 3.80e-8 
929.00! 7.00 327.00 7 . 36 4.37e-8 
957.00 7.00 326.00 7 .46 3.47e-8 
1215.00 7.00 308.00 7 .49 3.24e-8 
1305.00; 7.00 302.00 7 . 53 2.95e-8 
1621.001 7.00 288 . 00 7 . 29 5.13e-8 
1718.00' 7.00 302 . 00 7 . 23 5.8 9e- 8 
2255.00! 7.00 296.00 7 . 23 5 . 89e-8 
2351.00 7.00 257.00 7 . 13 7.41e-8 
144.00; 8.00 256.00 7 . 20 6 . 31e-8 
234.00: 8.00 255.00 7 . 17 6.76e-8 
333.00 8.00 254.00 7 .16 6.92e-8 
533.00 8.00 263.00 7 . 15 7.08e-8 
630.00: 8.00 268.00 7 . 12 7.5 9e- 8 
1043.00; 8.00 277.00 7 . 12 7.59e-8 
1140.00; 8.00 285.00 7 . 18 6.61e-8 
1350.00: 8.00 285.00 7 . 10 7.94e-8 
1500.00 8.00 279 . 00 7 . 20 6.31e-8 
1610. 00! 8.00 284 . 00 7.22| 6 . 03e-8 
830.00 9.00 269 . 00 6.93! 1. 17e-7 
1604.00 10.00 284.00 7.00| 1.00e-7 
1045.001 11.00 316.00 7.11! 7 . 76e-8 
800. 00* 12.00 309.00 7.29! 5 . 13e - 8 
1037.00' 13.00 325.00 7.181 6 . 61e-8 
958.00 14.00 323.00 7.28! 5 . 25e-8 
1008.00, 15.00 316.00 7.28! 5 . 2 5e - 8 
1137.00 30.00 334.00 7.31; 4 . 9 Oe - 8 
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